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2ABSTRACT
THE MORGANTOWN PERSONAL RAPID TRANSIT
SYSTEM: THE IMPACT ON FUTURE PRT SYSTEMS
- by
Jerome Noble
Submitted to the Department of Urban Studies and Planning
on May 19 in partial fulfillment of the requirements for
the degree of Master in City Planning
The focus of this thesis is to attempt, on an exploratory scale, to examine
the extent to which the Morgantown Personal Rapid Transit System has
been implemented and to assess the anticipated impact of the project on
future PRT developments.
Although many planners and decision makers continue to approach the
problem of urban transportation with the philosophy that conventional
transit systems (e.g. bus transit) will relieve the transportation
problems in every community, it appears that some of them have finally
come around to recognizing that conventional systems are not necessarily
the best prescription for providing an acceptable alternative to automobile
use in urban areas. Based on this decision, the federal government (i.e.,
the U.S. Department of Transportation) has invested over $60.0 million
in one experimental concept of transporting the public. This concept
has come to be known as the Personal Rapid Transit System and is
currently located on two of the three campuses of West Virginia University
in Morgantown.
The following Chapters will examine the Morgantown experience in terms
of four specific indicators; 1) Technology, 2) Public Acceptance,
3) Environment, and 4) Cost-effectiveness. -These indicators will be
analyzed in terms of the problems and accomplishments encountered by
the PRT system and their anticipated impact on future demonstrations
of this kind.
Because the Morgantown PRT is the first automated-personalized transpor-
tation system to be demonstrated in an urban area, the thesis will
attempt to focus on the extent to which others have been convinced of
its applicability for solving similar transportation problems in other
communities.
Briefly, the thesis concludes the following; 1) The technical problems
and accomplishments of the Morgantown experience have numerous implications,
both positive and negative, for future PRT systems; 2) The survey
administered to the Morgantown public provides valuable information for
3future PRT planners as well as the current developers of the Morgantown
project; 3) The PRT system has not significantly influenced the noise
level and air quality of the community but, aesthetically it is not
considered attractive by the Morgantown public. This information will
have an effect on the process for the selection and design of future
PRT systems to be used by other communities; and 4) Although somewhat
of a comparative analysis is discussed, sufficient cost-effectiveness
data was not available and thus, valid projections for future impact
in terms of cost-effectiveness cannot be made at this time.
Thesis Advisor: Ralph Gakenheimer
Title: Professor in Urban Studies and Planning
Other Thesis Advisors:
Joseph Brevard
Planner, Metropolitan Area Planning Council
John Lawson
Engineer, Drapers Laboratory
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7CHAPTER I
INTRODUCTION
A. Purpose of the Thesis
The focus of this thesis is to attempt, on an exploratory scale, to
assess the anticipated impact of the Morgantown PRT on future PRT
developments.
The following chapters will examine the hypothesis that the PRT
is a possible transportation solution for certain environments and
that the Morgantown system will have substantial impact on the develop-
ment and implementation of future PRT systems. It is the writer's premise
that this system might alter the thinking of many decision-makers in
terms of viewing the problems of the present public transportation systems.
Because the Morgantown PRT is the first automated-personalized transportation
system to be demonstrated in an urban area, the thesis will attempt to
focus on the extent to which others have been convinced of its applicability
for solving similar transportation problems. The thesis will also examine
the major problems encountered during the project's development and
implementation in order to determine the extent to which it might affect
future demonstrations of its kind.
8B. The Nature of the Problem
1. Population Growth and Automobile Ownership
From a review of existing demographic data, it is obvious
that most metropolitan areas will continue to experience population growth
in the years to come. It is evident that most of the growth occurs
outside the central cities where public transit systems are least
demanded. For the purpose of this thesis, central cities are defined
as areas within the incorporated limits of the major cities of metropol-
itan areas. Outside central cities refers to those areas usually
categorized as suburban. The population outside central cities increased
approximately 34 percent between 1960 and 1970 versus a 2 percent increase
within the central cities (see Table 1). The overall metropolitan
population in the United States increased 17 percent during the same
period.
Comparably, there has also been an increase in the number of
automobiles owned during the same period (Table 2). Moreover, the
percent of households having two or more automobiles increased substantially.
Likewise, the percentage of households with no automobile, which tended
to be a major source of demand for public transit, gradually declined
between 1960 and 1970.
Thus, the increase in the number of automobile owners and users
appears to indicate that the existing public transit systems are not
providing an acceptable alternative to the use of the automobile,
especially in suburban areas.
9TABLE 1
POPULATION SHIFTS IN THE UNITED STATES
1960 to 1970
(population in millions)
Area '60 '70 Change
number %
United States 178.7 202.5 23.8 13.4
Metropolitan Areas 112.4 131.5 19.1 17.0
inside Central Cities 57.8 58.6 0.8 1.5
outside Central Cities 54.6 72.9 18.3 33.5
Non-metropolitan Areas 66.3 71.0 4.7 7.1
Source: U.S. Department of Commerce, Bureau
Social and Economic Characteristics
of the Census,
of the Population
in Metropolitan and Nonmetropolitan Areas: 1970 and
1960, (Current Population Reports, June, 1971)
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TABLE 2
AUTOMOBILE OWNERSHIP
1960 & 1970
Source: Automobile Manufactures Association, Inc.,
Automobile Facts and Figures, 1968 and 1971.
Data estimated by the Association from Census information.
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2. Low Transit Ridership and High Operating Costs
One of the major factors affecting the transit industry has
been its inability to transport people directly to and from their
destinations. Passengers are inconvenienced by most transit systems
because the vehicles are required to make frequent stops in order to
pick up and/or discharge other riders. They are also inconvenienced
because most systems require that they transfer at one or more given
points or stations. In addition, the present configurations of
most transit systems require that passengers walk certain distances
in order to reach their final destination. These factors suggest
that the existing public transit services lack the desired flexibility
and conveniences that have been apparently achieved only by the
automobile. In Boston, for example, it is impossible to travel
directly across town via the rail transit system without passing
through the central business district. (CBD) The automobile, unlike
mass transit, allows the individual an opportunity to travel from one zone
to another without necessarily passing through the CBD, as he usually
has a choice of the various road networks to reach his destination.
As a result of the service advantages found in the use of the
automobile, public transit operators have been experiencing a continuous
decline in ridership since the end of World War II. Figure 1 portrays
the trends in total transit passengers and rides per capita from 1920
to 1960. According to J. Edward Anderson et. al. in Planning for
Personal Rapid Transit, the total transit passenger-trips continued to
fall in 1971. This is not to imply that the use of the automobile
12
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does not have many disadvantages as indeed it does. Some examples are
the boggling traffic jams, inadequate parking facilities and of course
the stifling pollution. I am suggesting, however, that these problems
have not become so severe as to discourage individual motorists from
driving automobiles to and from their destination and in addition, that
the current transit systems do not adequately attract a substantial number
of these individuals who move in, out and around urban areas on a daily
basis.
A second factor that has had a substantial impact on the transit
industry is rising operating costs, the largest portion of which is
labor (see Figure 2). "In 1971, labor accounted for 68 to 82 percent of
1
transit operating costs". For example, J. Edward Anderson et. al. pointed
out that in the bus system operated by the Twin Cities Area Metropolitan
Transit Commission in Minneapolis, Minnesota, an increase in wage
rates of one percent per hour resulted in an annual expenditure of
2
$30,000 by the Commission.
A third factor which has affected the operation of transit systems
and lead to increased costs is the lack of uniformity of travel demand
(see Figure 3). This lack of uniformity requires transit operators to
provide additional equipment and drivers to handle the peak travel
periods. Although it would be more economical to have additional
drivers for peak periods only, labor union policies forbid this from
happening as drivers must be given an opportunity to work an eight hour day.
1
George A. Avery, Problems in the Regulating of Public Transportation, July, 1972.
2
Planning for Personal Rapid Transit, University of Minnesota, 1972, p.9.
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This drawing presents a composite of the hourly
variation pattern of urban person trips by private
and public transportation for Chicago, Detroit,
Washington, and Pittsburgh. It is significant to
note that the proportion of daily person travel by
automobile in mid-evening hours exceeds that during
the morning peak hour because of the high car oc-
cupancies associated with social and recreational
trips. This increase in evening motor travel, how-
ever, is not concentrated on approaches to major work
work centers; rather it is dispersed throughout
the area. For current conditions about 85 per cent
of all person trips in these urban areas are made
by private automobile.
Source: Wilbur Smith and Associates
Transportation and Parking for Toinorrow's Cities,
1966, p. 919.
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Thus, excess cost over previously allocated resources has forced
many transit agencies, especially those privately owned, either to fold
their operations or to sell out to the municipalities they served.
Some have sought different tactics for surviving the "economic crunch"
such as raising fares and reducing service levels. Others have been
able to obtain relief through local operating subsidies or capital
grants, but even with this form of assistance their continued survival
is questionable.
3. Current Planning Efforts
It is a distressful and naive situation when many planners and
political decision-makers continue to approach the problem of urban
transportation with the philosophy that conventional transit systems
(e.g., bus transit) will relieve the transportation problems in every
community. It appears that the increasing number of automobiles and
the declining number of transit passengers have not fully educated
certain decision-makers that the present transit technology is not
adequately moving the public.
The time now appears to be ripe for decision-makers and planners to
begin thinking progressively and innovatively in terms of designing and
implementing public transportation systems. They must begin to reshape
their thinking about the means of intercepting the continued use of the
automobile. Although the concept of carpooling does have some potential
impact in terms of reducing the actual number of automobiles being used,
it is not the answer to the urban transportation problem. The concept
implies the acceptability of automobile transportation and further
17
damages the transit industry. The time has come to mobilze the public
in order to promote a change for the betterment of public transportation.
There are varied predictions, which will not be enumerated here, as
to how much worse the urban transportation problem may become in the next
ten to fifteen years if the country continues to depend on the automobile
as a major source of urban transportation. It has become apparent to
some political decision-makers and planners that conventional transit
technology is not necessarily the best prescription for providing an
acceptable alternative to the automobile in urban areas. In light of this
phenomenon, the federal government has invested more than $60.0 million
in one particular concept of transporting the public. This concept has
come to be known as the Personal Rapid Transit or PRT. One such system
is located largely on two of the three campuses of West Virginia University
in Morgantown. The Morgantown Project, as it is sometimes referred to, was
established to demonstrate the world's first automated personalized
transportation system in an urban area.
By definition, "a PRT system consists of automated vehicles that are
equivalent in size to a small automobile such as the Volkswagen. These
vehicles carry people and goods nonstop between stations in a network of
slim guideways and may serve major activity centers or entire urban areas.
The vehicles are occupied by a single individual or a small group travelling
together and may be restricted to a guideway. Such a system may also have
the capability of operating on both a guideway and a street system which
is referred to as a dual-mode system."3
3
"1975 International Conference on Personal Rapid Transit, " University of
Minnesota, September, 1975.
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The difference between the Morgantown system as compared to the
above definition and other versions of the PRT such as AIR-TRANS
is that it has a certain demand-responsive feature. The Dallas-Ft.
Worth AIR-TRANS PRT does not have a demand responsive capability and
is categorized by many technically-oriented professionals as being a
"shuttle" type system.
Another difference in the Morgantown system is that the vehicles
are actually larger than small automobiles, but smaller than a 15-20
passenger bus.
The Morgantown project is a product of a demonstration program that
is sponsored by the Urban Mass Transportation Administration (UMTA).
The purpose of the project is two-fold: 1) to demonstrate the technical
and economic feasibility of a new system concept of public transportation
responsive to the needs of a particular environment, and 2) to determine
the applicability of PRT for national or future implementation.
The Morgantown PRT, however, has experienced many problems since
the beginning of its development. The system has suffered from numerous
set-backs including intensive capital costs, political pressures, public
criticism, and contractual problems between the federal Government and
the contractors as well as the Government and West Virginia University.
Although the Morgantown system has received a great deal of criticism,
the opposition has not reached a magnitude significant enough to halt
further development of the project. The project has received federal
funds since 1969, and at this point it appears that its funding status is
secure for at least the next two years.
19
C. Methodology
As indicated in the first section of this paper, this is an explor-
atory study and it should not be considered all encompassing or inclusive.
Hopefully, it will spark the interest of those in the transportation field
as well as other interested persons in performing more extensive research
on new transportation technologies.
Morgantown's impact on future PRT systems will be assessed in terms
of the following indicators:
1) Technology
2) Environment
3) Public Acceptance, and
4) Cost-Effectiveness
For the purpose of clarity, it is necessary to explain the relevance
of the above indicators to the overall analysis of the Morgantown experience.
1) The technology will be analyzed in order to determine the extent
to which the Morgantown experience has advanced transportation technology
and its implications for future systems (PRT); 2) The environment will
be examined and analyzed in order to determine the extent to which this
system has affected the air quality, noise level and aesthetics in the
Morgantown community; 3) Public Acceptance will be analyzed in terms
of the current and past attitudes of the Morgantown public toward the
PRT system. From an analysis of this information, the writer will
project conclusions concerning the public acceptability of this type
of transportation system in the future; and 4) The cost-effectiveness
issue will be explorud in order to determine ii the funding of the
Morgantown experiment has implications for the future funding of PRT
systems. In addition, this indicator will be examined in terms of its
20
relationship to public acceptance of the Morgantown project.
The following four methods were utilized in compiling and analyzing
information for this thesis:
1) The review and analysis of all available literature on the
subject of PRT
2) The interviewing of several key decision-makers to find out
their assessment of the current Morgantown Project and
their perception of the impact of the project on future PRT
systems in terms of technology, environment, and the economics
of the system.
3) The conducting of a survey of university students, local
businesses, residents, auto-users and riders of the Morgantown
PRT in order to determine attitudes toward the operation of this
type of transportation system in the Morgantown community, and
4) The collection of cost and ridership data in order to make
a determination about the system's cost effectiveness.
In order that the reader clearly understand the intent of the
thesis, it is necessary to define certain terms which have been referred
to in describing the methodology and will be used several times in the
succeeding chapters of the thesis. The first, which is key decision-makers
is defined as those persons who served in a decision-making or authority
position either in the Morgantown PRT initial or current stages of develop-
ment. The second term which is environment refers strictly to air quality,
noise level and aesthetics as perceived by the user.
For the purpose of the thesis research, thirteen key decision-makers
were interviewed and the following is a list of their respective positions:
21
Federal Government
1 - Project Director
1 - Control and Communication System Specialist
1 - Computer and Software System Specialist
1 - Vehicle and Guideway System Specialist
1 - Economist
1 - Sociologist
1 - Environmentalist
Morgantown City Government
1 - City Manager and Transit (Bus) Manager
1 - Member of City-County Planning Commission
West Virginia University
1 - Project Manager of PRT
1 - Operations Manager of PRT
1 - Administrator
Boeing Aerospace Company
1 - Project Director
22
D. Survey-Selection Process
There were a total of 70 individuals surveyed about the PRT on the
three campuses of West Virginia University, and the residential and
business districts of Morgantown. The study was.conducted during the
peak and off-peak hours of the day and covered a period of three days.
It is important to note that the survey referred to in the
Methodology above is not intended to be a sophisticated statistical study.
The results of the survey are being used as a basis for substantiating
general observations.
The purpose of the survey was to determine the attitudes of four
distinct categories of persons in the Morgantown community relative
to the PRT system. The four categories questioned included the following:
1) Individuals observed in residential areas; 2) Individuals riding
the PRT system; 3) Managers/owners of local businesses; and 4) Individuals
observed using automobiles or auto-users. These individuals were randomly
selected and questioned within the four categories specified. These
categories were chosen because it was felt that they would provide a
broad range of perspectives relative to the manner in which their
activities were affected by the PRT.
Statistically, 70 individuals are not truly a representative sampling
of a community whose population is well over 45,000. But, given the
existing time constraints, this number serves a useful purpose in
reflecting the general tone of the Morgantown community. Therefore,
some consideration must be given to the assumption that the results of
the study might have been somewhat different had a larger number of
people been surveyed.
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Reluctance on the part of some of those surveyed and the inability
of some of them to articulate responses that were easily collated also
affected the results of the survey. However, it is felt that the survey
does provide a legitimate overview of how some of the Morgantown public
views the PRT system.
E. Limitations of the Research
The Morgantown PRT is not yet a completed system according to the
original plans. The final system configuration was originally conceived
as having 5 stations and apploximately 72 vehicles. Currently, the
system has only 3 stations and 45 vehicles. This research is limited to
the project's current stage of development and will draw conclusions
based on specific events leading up to and associated with this particular
stage.
The analysis of the current system will be primarily based on the
results of the interviews with decision-makers and the responses of the
four groups surveyed. The author must rely on these two sources because
there has not been extensive literature written on the current status of
the Morgantown PRT or other PRT systems. Most of the information
pertaining to the cost-estimates and the technical aspects of the Morgantown
system is taken from Congressional Hearing records and documents published
by the Boeing Aerospace Company. These sources provide more current
and detailed information about the Morgantown system than any of the
others researched.
The effect of the PRT sylstem on the environment will be asSessed
on the basis of the interviews with local decision-makers and the
seventy people surveyed. In addition, the Environmental Impact Statement
24
will be used to assist the author in determining the system's effect,
if any, on the environment.
The system's initial and current public acceptability will be
determined primarily by an analysis of the results of the seventy
people surveyed and the public hearing record.
The analysis of the cost-effectiveness of the Morgantown system
will be based on the cost and ridership data collected from two
primary sources; the West Virginia University and the Massachusetts
Bay Transit Authority (MBTA). The data collected from the University
will only cover a six-month cperational period for the PRT system. Only
this limited data was available because the PRT just entered into revenue
service in October, 1975 and, until then, was still undergoing a testing
program by the federal government and the major contractor. In addition,
there has not been any determination of what the system's current
operating and maintenance costs are because the system, as it stands,
is still undergoing a testing phase by the University and this information
is not yet available.
The MBTA's bus and streetcar/trolley operating data collected for 1974
will be used to analyze the relative cost-effectiveness of the
Morgantown system. Due to time constraints, other comparative data
was not obtainable.
F. Forthcoming Chapters
It has been the purpose of this chapter to establish a framework
for the reader in order that the intent of the thesis is well defined
and there is a complete understanding of the extent of the research involved.
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The next chapter provides an historical review of the major
events that occurred during the development and implementation of the
Morgantown PRT.
Chapter three provides an analysis of the Morgantown project
in terms of its technology, environment, public acceptability and
cost-effectiveness.
Chapter four projects the impact of the Morgantown experience
on future PRT systems.
Finally, chapter five relates the overall conclusions as a result
of the previous research.
26
CHAPTER II
HISTORICAL REVIEW
A. Introduction
This chapter provides an historical review of the Morgantown PRT
which hopefully will establish a reference framework for the subsequent
chapters. It will attempt to convey an understanding of the concept
of the Morgantown PRT system; a description of the Morgantown community;
an overview of the transportation problems experienced within the
community; the rationale used by local decision-makers in selecting the
PRT system; the role of the federal government in the development pro-
cess; and, the major events that evolved during the project's develop-
ment and implementation.
The chapter is divided into two distinct phases.in order that the
events surrounding the Morgantown experience might be related in their
respective time frames. A general description of the Morgantown system
and the community is provided in sections B and C. The first distinct
phase includes sections D through G and is referred to as the "Pre-PRT"
stage. The "Pre-PRT "1 phase will include all relevant information
leading up to the initial development stage of the Morgantown system.
The second phase includes sections H through J and is referred to as
the "PRT" stage. This phase will include information pertaining to
27
the actual development and implementation of the Morgantown system.
In addition, two bar charts will be used respectively to illustrate the
events associated with each stage indicated above.
B. Brief Description of the Morgantown PRT Operating Features
The Morgantown system is operating as a demand-responsive type of
transportation technology. That is, the system operates to meet the
passenger demand as measured by a predetermined service requests method.
The service requests are based on information that is collected at the
destination selection units established in each station. During off-
peak traffic periods the st'stem operates in a demand mode where the
passenger summons, by pushing a button, a vehicle, much like an elevator,
which arrives in less than two minutes. During peak traffic demands,
the system is operated in a schedule mode where the passenger simply
proceeds to the loading area and waits less than five minutes for a
vehicle serving his destination. In either mode, the passenger is pro-
vided nonstop, origin-to-destination service.
The Morgantown system has three stations which are referred to as
Walnut, Engineering and Beechursto The first two stations are termed
single platform stations and the third station (Beechurst) has two plat-
forms. At the single platform stations, the passenger enters the station
at the street level and proceeds to the platform level. At Beechurst
Station, however, the passenger is required to read the Platform Assign-
ment Display, which is located at the entry to the concourse, in order
to determine the proper platform for obtaining service to the desired
destination. The Platform Assignment Display is controlled by a system
operator who is located in a central control office.
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Passengers are required to use a coded magnetic card at the
Fare Collection Unit before passage through the entrance gate or turn-
style. A one-way fare card dispenser is available at each station and
the fare is 25 cents per ride. A multi-trip card is issued periodically
to the University students. At the present time, students are not re-
quired to pay for the cards but, tentative plans have been drawn-up
requiring a $25.00 fee per academic year beginning with the 1976-77
school terms.
After the passenger has inserted his card in the Fare Collection
Unit, he pushes the button for his desired destination. A legend then
lights up to acknowledge the selection. The passenger, then, proceeds
through the gate to the vehicle loading area.
According to Frank Musil, a project director for the Boeing Company,
the station computer response to the destination request depends on
the operating mode. During the scheduled mode the requests are forwarded
to Central Control for off-line improvement of the schedule. The passen-
ger boards the next vehicle scheduled to his destination. During the
demand mode the station computer begins a sequence of searches. First,
the computer searches for an empty vehicle currently in the station loading
position. Second, the computer searches for an empty vehicle in the
station and directs it to the loading position. otherwise, the computer
finds the nearest available vehicle and directs it to the loading position.
After the passengers have boarded and the allotted vehicle door-open
time has expired, the door is automatically closed and the vehicle glides
away to the desired destination. The vehicle has a capacity of 21 passen-
gers; 8 seated and 12 standees. For additional information on the system
specifications, see Appendix I.
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C. Description of the Morgantown Community
The City of Morgantown is located in the northern part of West
Virginia and is approximately 70 miles south of Pittsburgh, Pennsylvania.
It is the county seat of Monogalia County and is situated on the
Monogahela River. The city covers approximately seven square miles
and is recorded in the 1970 Census Report as having a population of
29,431. "When the adjacent municipalities of Westover, Star City and
Granville are considered, the population of the greater Morgantown
4
area is about 56,000." (see Figure 4)
The central business district (CBD) consists of many buildings that
have aged in structure and are occasionally mixed with modern facilities
such as banks and variety stores. The city, itself, has a history that
dates back to the mid-1700's. Morgantown's CBD is heavily used by re-
sidents of the greater metropolitan area including the students of West
Virginia University. The University's main campus is located less than
a quarter-mile from the central area of the CBD.
Morgantown has developed in a narrow river valley and its CBD growth
is constrained within the valley. Two of the University's three campuses
(Evansdale and the Medical Facility) are located on top of the hills
that surround the city. There are only two routes that connect the down-
town and hilltop campuses. One such route is Monongahela Boulevard,
a four-lane facility over steep grades, which funnels into Beechurst
Avenue, a two-lane facility. The other route is University Avenue, a
very narrow two-lane facility with steep grades. According to the
4
"Final Environmental Impact Statement for the Norgantown PRT Project",
Department of Transportation, 1970. p. 1
Figure 4
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Source: "Feasibility Study of Morgantown", 5
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Morgantown PRT feasibility study;
..... traffic on these roads is reduced to less than
a walk pace during the peak hours when the Univer-
sity students change classes, causing a serious
disruption to University operations and student
class scheduling.5
Figure 5 illustrates the city's physical constraints and the difficult
terrain and locations of the three campuses. In addition, the extreme
variations in student demand for transportation between campuses is
shown in the graph.
Pre-PRT Phase
D. Morgantown's Transportation Problem (1960-1972)
Overall, Morgantown can be described as an urban area in search of
a solution to meet mobility needs. It is a University town confronted
with a bus transit system that is unable to provide acceptable inter-
campus service levels to the students of West Virginia University (WVU).
The following discussion presents the major characteristics that
contributed to the transportation problem in Morgantown:
1) University Growth
WVU has experienced growth both in enrollment and physical
structures during the past 15 years. A review of the "Feasibility
Study" that was conducted by the University in 1970, shows that
the enrollment increased from 10,000 students in 1964 to over
15,000 in 1970. The U.S. Department of H.E.W. reports that
the enrollment continued to increase during the 1974-75
5
Boeing Aerospace Company, Morgantown Personal Rapid Transit System,
1975, p. 2.
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academic year to 19,258.
Until 1965, a relatively small Main campus had served the
University for many years and the future for expansion of this
campus was severely limited. As shown in Figure 4, the CBD
of Morgantown borders the campus on one side while the re-
mainder of the campus is surrounded by residential areas. As
a result of this limitation, the University expanded by de-
veloping two new hilltop campus locations between 1965 and
1971.
After the two additional campuses were developed,
however, the distance between each campus exceeded 1.5 miles.
The steep terrain discouraged the students from walking or
using their bicycles between campuses. The development of
the first additional campus (the Evansdale Campus) required
the University to purchase two buses for inter-campus service.
Eight additional buses were purchased by 1967 because the en-i
rollment continued to increase. With the development of the
third campus (the Medical Center) in 1971, seven additional
buses were leased by the University bringing the total fleet
size to seventeen.
2) Peak Periods and Bus Ridership
According to the "Feasibility Study", there were at
least four distinct peak periods that occurred each day
during the class change times. Because of these frequent
peaks, it became difficult to maintain an adequate schedule
and have buses available at all times. With frqunrt
travel peaks and a relatively high ridership, students became
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frustrated with the bus service because the buses were not
able to adequately satisfy their travel needs between campuses.
Many students were late for their classes and others com-
plained that they were missing many classes because of the
bus service. In an effort to overcome this, the University
rescheduled the intervals between classes from 10-minutes
to 20-minutes. Even then however, the buses were not able
to provide the desired level of service. The University
subsequently reverted back to a 10-minute interval and
established a policy to discourage students from scheduling
consecutive classes on different campuses.
3) Routing and Bus Operations
As indicated previously, there are only two available
routes between the downtown campus (Main Campus) and the hill-
top campuses (Evansdale and Medical Center). These routes
are heavily used by motorists entering and leaving the CBDo
Also the grades along these routes are very steep. Because
of these factors, bus traffic over these corridors was forced
to operate at extremely low speeds.
4) Automobiles and Parking
Because of inadequate bus service, approximately 10,000
students and staff between 1967 and 1969 began using their
automobiles to travel back and forth to the University. This
resulted in a major congestion problem along the two major
routes and on the Main campus. Because parking facilities
were limited on the Main campus, the University students and
staff subsequently began searching for parking spaces within
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the CBD which already had a major parking problem.
In 1968, a 500 vehicle parking facility was constructed
on the Main campus but, it proved to be inadequate for the
number of vehicles that were being used. Thus, students
and staff continued to use the downtown parking facilities.
5) Population Increase in Morgantown
Between 1960 and 1970, the city of Morgantown ex-
perienced a 31 percent increase in population. It was
reported by the Morgantown City Manager that the rich coal
mines located near Morgantown have attracted many families
to the area since 1965. It was also reported by a University
administrator that WVU has attracted many employees since
the initiation of the University's expansion program. The
Medical Center has attracted many professionals from other
cities since 1969.
6) Competitive CBD
The Morgantown CBD offers a wide selection of shopping
and other major activity facilities. "There are numerous
job opportunities and businesses located here and it is
shared by many neighboring residents of the Westover and
Star City communities as well as the residents of Morgantown." 6
The University students as well as others are attracted to the
CBD for its theatres, public libraries, retail stores etc.
As a result of the above transportation problems, a
joint venture began between city and University officials to
6
Op. Cite. U.S. Department of Transportation, p. 1
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seek a system that would be adaptable to the travel demands
that existed within the Morgantown community. The following
sections will show how the PRT concept was derived as the primary
solution for addressing the transportation needs of the community'
E. Rationale for the Morgantown PRT
In an interview with Professor Samy E.G. Elias, Chairman of West
Virginia University Industrial Engineering Department, it was reported
that the search for a solution to the Morgantown problem began in 1967.
It became apparent to local officials of the University and the City
that given the traffic and travel characteristics of Morgantown, the ex-
isting transportation system (e.g. buses, automobiles, etc.) was not
adequately addressing the mobility needs of the community. In order to
improve the needs of the public, either an additional highway would have
to be built or some other transit system developed with the intent of
moving people faster and more efficiently.
It was concluded that the building of a highway in a small community
such as Morgantown especially with its difficult terrain would require the
destruction of approximately 50 percent of the town. William Hoffer in
his article entitled "Moving Mountaineers from One Campus to Another"
reports:
In most cities the solution would be to build more roads.
Many universities could exert enough pressure on local
governments to have adequate freeway systems constructed.
But, although Morgantown officials want to build more
roads, there simply is no room amid the mountains.
7
William Hoffer, "Moving ountaineers from One Campus to Another,"
College _Marcnaement, January, 1974, p. 19.
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This narrowed the choice to the building of a transit system either
above or below surface-ground. A below ground operation, however, was
eliminated because it was believed to be too expensive. There was a
consensus among the decision-makers that any new transit system de-
signed for Morgantown would have to be on an elevated structure.
Another consideration which influenced the decision-making process
was the search for a transit system that would require low operation
and maintenance costs as compared to existing transit systems. A re-
view of the U.S. House Congressional Hearing Record (1974) shows that
between 1972 and 1973 transit deficits increased from $450.0 million
to $680.0 million or 15 percent. Based on this fact, the City and
University officials concluded that any new transit system proposed
for Morgantown should be one that does not depend heavily on labor
(manpower). Here-to-fore, labor has been one of the most expensive
operational cost of any transit system. Thus, the decision was
narrowed to the use of an automated system which would be under compu-
ter control. In addition, it was decided that the system would require
its own right-of-way on an elevated structure.
When this process was concluded, the University submitted a proposal
to the federal government in June 1967 for a feasibility study. The
proposal was approved by the Transportation Department in 1969 and the
study was conducted for approximately 13 months. The objectives of the
study were to determine the following: 1) the physical feasibility of
building such a system in a small community; 2) the economic feasibility
of an automated system; and 3) the social acceptability of such a system
(i.e. would people ride a system that would not have a driver; accept
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the elevated structure; or object when they opened their bedroom
windows in the mornings and saw the guideway from a distance, etc.).
The results of the environmental impact study, the public hearing
proceedings and the survey taken by the author in Morgantown indicated
that the public accepted the system initially. Additional attitudinal
surveys were conducted by the University in- conjunction with the en-
vironmental impact study in 1970 and these surveys showed a high
acceptance level.
The feasibility study was conducted by the University Engineering
Department with the technical assistance of Alden-Self Transit System,
Inc. (Massachusetts), Dashaveyor Company (California), Varo, Inco (Texas)
and Barton-Aschman, Associates (Washington, D.C.). The study was com-
pleted in August, 1970 and concluded the following:
fixed guideway systems.....or fully automated
operation and controlo.....would be best suited
to serve the University and Morgantown,8
After the feasibility study was completed, the University submitted a
capital grant application to the Urban Mass Transportation Administration
(UMTA) to design and construct a six-station, 100-vehicle system for an
estimated cost of $13.5 million. The grant application was approved by
UMTA in late 1970 under the condition that the project be placed under a
demonstration program that was to be sponsored by the federal government.
The Transportation Department believed that the system proposed by the
University suggested national applicability. A contractual agreement
was established between the University and UMTA. The contract stated
8
"Feasibility Study of Morgantown PRT", August, 1970,
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that the federal government would build the Morgantown system and once
the system was completed, the government would release it to the Univer-
sity to operate and maintain.
F. Morgantown Environment
1) Air and Noise
Historically, there has not been much information collected relative
to Morgantown's air and noise situation. A noise impact study is
currently being conducted by the University, but will not be completed
in time for the results to be utilized in this thesis. There was no
indication as to when or if a study would be developed to determine the
extent to which air quality might have been affected by the PRT.
In order to provide the reader some indication of Morgantown's air
and noise situation, emphasis will be placed on an analysis of the
traffic condition.
The downtown area of Morgantown attracts people from all over the
metropolitan area. People are attracted to the CBD for numerous reasons0
Some of these include employment, shopping, medical, tourism and other
personal reasons. The traffic traveling to and from the CBD consists
of privately owned automobiles, buses, taxis, trucks, and motorbikes.
These vehicles appear to be used by people of all ages during the morning,
noon and evening hours of the day.
As indicated in the previous sections there are only two major routes
that are used for travel to and from Morgantown's CBD. Traffic proceeding
from the northern portion of the CBD is required to use the four lane
facility (Monongahela Boulevard) that funnels into a two lane facility
(Beechurst Avenue).
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Beechurst Avenue converges into University Avenue at the southern peri-
meter of the Main Campus which is less than one-quarter of a mile from
the CBD. Along the Beechurst strip, there are academic buildings that
CAre owncd by thc University and several residential areas. University
Avenue runs down the center of the core area of the Main Campus which
consists of dormitories, the administration building, the library, the
Student Union building and other academic related facilities.
Traffic proceeding from the southern portion of the CBD is re-
quired to use University Avenue because it runs directly adjacent to
the CBD.
As the Environmental Impact Statement reads:
The capacity of these streets......
are severely over-taxed; several times
during the day, traffic is in a stop-
and-go state.9
As stated above, the string of traffic along these routes varies
from automobiles and semi-trailer trucks to buses and motorbikes. The
automobiles are used primarily by workers, shoppers and students. Trucks
are operated along these routes to transport supplies to and from the
businesses located within the CBD. The city and county governments
operate buses to carry passengers to and from the Morgantown, Westover,
and Star City communities. The University continuously operates a fleet
of 17 full size school buses during the day to shuttle students between
classes. Motorbikes are also basically used by the University students
traveling back and forth to class.
9
"Final ' Environmenital Impact SLutement for the Morgantown PRT Project",
1970, p. 7.
42
During my visit to Morgantown, I observed that there were several
residential areas along the Beechurst corridor. The homes were
usually no farther than 20 to 30 feet in distance away from the street.
The noise generated from the traffic came in the form of blowing horns,
running engines, "backfiring" trucks and motorbikes, screeching brakes
and other traffic-related noises. One resident stated, "you can hear
the birds and smell the flowers if you feel like getting up (from bed)
at five o'clock in the morning.'' In addition, it appeared that the
air quality was being adversely affected by the toxic exhaust fumes
that are normally associated with combustion engines.
The downtown district of Morgantown experiences basically the same
air and noise problems as the residential area except that the air and
noise situation is much more apparent to the eyes and ears. Traffic
moves very slowly between the traffic lights and is much more congested
because people are travelling from the northern and southern directions
on the same main corridor within the CBD. In addition to the vehicular
traffic, sidewalks and streets are usually crowded with pedestrians
which also contribute to the air quality and noise level within the CBDO
The air and noise situation on the hill-top campuses (Evansdale and
the Medical Center) is not as evident as it is in the CBD, the residen-
tial areas or the Main Campus. The reason for this is that the hill-
top campuses tend to have more open-space and are separated from the
major traffic arteries. The Main Campus, however, is more congested for
a number of reasons. First of all, there are more buildings clustered
together and it is the center of more academic and social activities
then the other two campuses. Thus, more students, automobiles, motorbikes,
and pedestrians are attracted to the Main Campus. The second reason is
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that the Main Campus is located near the CBD and the two roads that
are used for CBD traffic are also shared by the University on its Main
Campus. This suggests that the Main Campus is not only affected by the
traffic using the two roads to the CBD but it is a victim of some of the
CBD's air and noise problems because of their close proximity. Automo-
bile horns, truck noises and gas fumes appeared to be evident on the
University's Main Campus.
In conclusion, it appeared that most of the air and noise problems
in Morgantown's CBD, the residential areas along Beechurst Avenue and
the Main Campus are caused as a result of the incoming and out-going
traffic that is restricted to two major corridors.
2. Aesthetics
Aesthetics is defined here as the visual or "viewed" aspects of the
Morgantown system. A review of the February 1971 Public Hearing Record
concerning the Morgantown system indicates that many of the community
residents were concerned about how the system's guideway structure was
going to blend with existing building structures. As indicated previously,
Morgantown (CBD) is not a very modern city. Its buildings are aged in
structure and most have been standing for several centuries. Others,
though antique in style, have undergone some rehabilitative treatment
in order to restore their original form.
Wilfred Owen in his Quality of the Urban Environment states the
following:
While movement is the primary purpose of the transportation
system, transport facilities have another important function.
Transport is a major user of space, and therefore the pro-
perties devoted to movement need to be designed to enhance
the environment, and to avoid types of adjacent development
that reduce community values......
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If anything is to be done to improve the aesthetics
of the city, the task begins with transport...... 1 0
In regard to the Morgantown system's guideway structure, the en-
vironmental impact statement indicated that the structural aspects
would be designed to blend in with the environment and be architec-
turally compatible with existing buildings. For example, most of the
buildings in Morgantown are a light beige in color. The guideway
structure appears to be somewhat of a darker shade of beige, thus
supposedly not breaking the continuity of color characteristic of the
Morgantown community0
It is the writer's premise that visual or viewed aspects of a
transportation system is a feature that should be judged by the people
who actually observe, use and live in an urban area. Thus, the
aesthetics of the Morgantown PRT as perceived by those surveyed for
the thesis research will be examined in the next chapter.
G. Informing the Public
A review of the environmental impact statement shows that the
Morgantown community was initially informed about the PRT system in
three ways: 1) Television and radio, 2) Local newspaper, and
3) the Public hearing. In order to convey the initial feelings of the
Morgantown community toward the PRT, this section presents the results
of the public hearing held in Morgantown. The information that follows
is based on a review of the "Proceedings of the Public Hearing Concerning
10
Wilfred Owen, "Transport: Key to the Future Cities",
Quolit 7 of the Urban Envirannnnt, 1969
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the Proposed Mass Transit System."
The public hearing was held in February 26, 1971 in an attempt to
make officials of the city and county governments and the University
responsible to the criticisms and comments of the community residents.
Issues discussed include the cost of the PRT project, the routing of
the system, the contents of the environmental impact statement, and
the effect that the PRT would have on existing transit lines operating
in the communities of Morgantown, Star City and Westover.
Overall, the public appeared to have favored the installation of
the PRT in the Morgantown community. Of the twenty-three questions
and comments presented, thare were only two that expressed some
disagreement with the development and implementation of the PRT. This
dissent was expressed by two individuals; a mayor from the Star City
community and a manager of the Morgantown city bus company. The con-
cern of the manager was that the PRT system would disrupt (after the
system is expanded to 5 stations) a Star City bus line that his company
had intentions of buying. The Star City bus line shuttles passengers
from the Star City community to the downtown area of Morgantown. Star
City is approximately 20 miles north of Morgantown's CBD. The manager's
main point was that the installation of the PRT system would not bene-
fit the citizens of Morgantown or Star City because, as it was designed,
the PRT would only serve the University students. He added that none
of the local decision-makers in Morgantown (University included) had
made an effort to contact his company to determine the effect the PRT
might have on local bus operations. The manager stated that, as the
routing of the PRT stands, it would hurt the bus companies operating
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in the community. He concluded that if his company decided to pur-
chase the Star City bus line and if at some point the PRT disrupted
this bus service, he would not hesitate to raise prices and reduce
schedules in order to satisfy his operating expenses.
The Mayor expressed concern for the elderly people of Star City
and others who did not drive automobiles. He wanted to know what
alternatives had been considered in the event that the Star City
bus serVice to Morgantown was disrupted.
The Chairman of the hearing assured the manager and the Mayor that
although the impact on commercial bus systems might well be altered,
he felt that the development of the PRT would still make the trans-
portation situation better. He suggested that perhaps a bus spur would
be placed from Star City to the Medical Center Campus. This means that
the passengers on the Star City bus line would ride to the University's
Medical Center where a PRT station would be built. Upon arriving at
this PRT station, the passengers would be required to use the PRT
vehicles in order to get to Morgantown's CBD.
The writer assumes that this type of positivism (acceptance) by
the majority of those at the public hearing could be contributable to
the fact that the public had no real idea of what the final product was
going to look like. They only had some indication that the project
supposedly would relieve the community of part of its transportation
problem. In fact, it is questionable as to whether the local officials
knew exactly what the final system was going to look like either, be-
cause the final schematic drawings of the guideway were not completed
until Jun(, 1971 and the final sysLem configuration was not decided
until much later.
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Another reason for the public's initial reaction could be con-
tributed to the expectation of federal funds being expended in the
Morgantown community which might have suggested a possible refurbish-
ment in the local economy. In addition, the selection of a small
community such as Morgantown for a major federal demonstration site
might have suggested national and international publicity in the eyes
of the Morgantown public.
It is not the intent of the above speculations to suggest that the
public did not accept this transportation concept for its usefulness
in their community because, indeed it appears that they did. Rather,
it simply means that the Morgantown community did not specifically know
what to expect from this type of transportation technology, and given
the prospect of the above advantages, they were not eager to reject such
a proposal.
PRT Phase
H. Cost Estimates
As previously mentioned, the feasibility study for the PRT system
was conducted for approximately 13 months. The University proposed that
the PRT system should consist of the following:
3.5 miles of fixed guideway......
... with 6 stations, 100 vehicles, maintenance
facilities, and control center... l
11
U.S., Congrus, Senatc, Conmittcce on Appropriations, Haring
on Morgantown Project, 93rd Cong., 2nd sess., 1974, p. 1254
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This system was estimated to cost $13.5 million (Federal share) based
on a comprehensive systems study prepared and recommended by the
Alden Self Transit Corporation and the Frederic R. Harris Company, an
engineering consulting firm from Connecticut. The University and the
City of Morgantown,.in turn, would provide (purchase) the requirements
of the system's right-of-way. The University recognized the preliminary
nature of the data on which the cost was based and stated in the grant
application that:
Due to the size of the project and the fact that
final design has not been completed yet, these
are approximate figure:; which will be re-evaluated
and submitted (to UMTA) no later than 6 months
after project approval12
UMTA, however, also had been assessing the applicability of the PRT
concept from a national standpoint and believed that the design proposed
by the University was extremely preliminary for such a system. Sub-
sequently, U4TA selected the Jet Propulsion Laboratory (JPL) of California
to make a determination with the University to see whether the proposed
system met all the necessary specifications. It was determined that the
system proposed by the University and Alden did not meet the specifica-
tions.
In late September, 1970, JPL was directed by UMTA to create a new
system designed under a Requirements and Constraints Document that was
to be established jointly by the University and UMTA. The Requirements
and Constraints Document is a listing of performance specifications that
12
IBlD.
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indicate the requirements (performance) for the Morgantown PRT. At
this point, JPL became the system manager and designer of the
Morgantown Project.
Shortly thereafter, the Alden subcontract to the project was ter-
minated by UMTA. (Alden was subcontracted by the University to render
technical assistance-during the feasibility study and the University
and Barton-Aschman, Associates selected the Alden StaRCar design to
be used in the initial system that was proposed to UMTA). The
Administrator of UMTA (Carlos C. Villarreal) announced that, "no
preconceived system, Alden or otherwise, was to be taken as a givenon13
The Administrator of UMTA specified that the competition was to be an
open-bidding process on all of the system's aspects.
Based on the Requirements and Constraints Document, the University
required that the system should have the capability of moving 1,100
passengers in ten minutes. In January, 1971, the completion of the
first attempt to match the system design with the performance require-
ments resulted in the development of large wide vehicles. The impact
on the guideway capital cost estimate was substantial. Even with smaller
vehicles and a narrower guideway, the first reasonably complete capital
cost estimate prepared by JPL was approximately $35.0 million for 100
vehicles and 6 stationso This estimate did not allow for potential
inflation.
As a result of this event, a system design iteration based on
smaller cars and a basic revision in performance requirements (from 1,100
passengers in ten minutes to 1,100 passengers in twenty minutes) was
13
The Boeing Aerospace Company, Morgantown PRT, November, 1975, p. 23.
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incorporated. Hence, the design criteria for the architectural and
engineering contract was revised.
More detailed design data was developed and an associated cost
estimate was made by JPL in March 1971. This cost, although still
based on incomplete engineering data, indicated that the University
had substantially underestimated the magnitude of the effort required.
The construction cost estimate for the guideway, stations and main-
tenance facility more than doubled; and the cost estimate for the
vehicle and control systems design and fabrication also increased over
the original projection. The revised cost estimate was over $37.0
million and the increase was primarily in the construction area.
This estimate, however, excluded the costs of checkout and testing
and UMTA, subsequently, directed JPL to reduce the system and define
one that could be accomplished for approximately $20.0 million.
A review of the Senate Congressional Hearing Record shows that
in the early part of program (Fall, 1970), UMTA only requested $20.0
million from Congress to support the system through November 1972.
This budget was based on the engineering detail that was prepared by
the University.
In late April, 1971, JPL presented four "first cut" options
ranging between $23.0 million and $25.0 million. UMTA selected the
least expensive systemo It consisted of 3 stations, the maintenance
facility, connecting guideway, and a fleet of 15 vehicles.
Schematic drawings of the guideway and 2 stations (Walnut and
Engineering) were completed in June, 1971, but the resulting construc-
tion cost estimates were about fifity percent over the budget. A major
search effort was zndertaken biy JPL and UMTA to determine where costs
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could be reduced.
Between the months of June and July, 1971, a contractural dis-
agreement emerged between JPL and UMTA. Because this disagreement
was never settled satisfactorily, JPL's contractural relations ended
with UMTAO The Boeing Company was selected as the new systems manager
in August, 1971.
Boeing, upon becoming the prime contractor, rejected the estimate
($23.0 million) proposed by JPLO Representatives from Boeing argued
that the proposed configuration (3 stations, 15 vehicles) could not
be built for the stated amount because it lacked definitive and de-
tailed design information. Between November and December 1971,
Morgantown construction activities developed into a full-scale effort.
During the same period, Boeing cost estimates proved to be higher than
UMTA's available funds. UMTA directed Boeing to prepare estimates for
five alternate system configurations.
The five cost estimates were submitted to UMTA in January, 1972.
On the basis of these estimates, UMTA decided to proceed with a con-
figuration consisting of 3-stations and a 5-vehicle fleet. This
configuration was estimated to cost $23.3 million using the March 1971
design detail (proposed by JPL) as the technical baseline.
By February 1972, UMTA believed that the design effort was suffi-
ciently completed in order that a firm cost estimate could be derived
for the 3-station, 5-vehicle system. The estimated project cost
(Phase 1-A) increased to $36.9 million with over $9.0 million of the
increase in the construction area. Because of this, UMTA decided to
redefine the program into three development phases. The three phases
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are listed as follows:
Phase 1-A - construction of a three station, five vehicle
system and a limited communication and control
system. This phase would be used to deter-
mine the technical feasibility of the system.
Included in this phase was the public demon-
stration ceremony. It covers all events
between August 1971 and September 1973.
Phase 1-B - construction of 40 additional vehicles. It
provided for the demonstration of a fully
operational 3 station, 45 vehicle system
in revenue service. In addition, this
phase was to include all previously
deferred items from Phase 1-A. It covers
all events between September 1973 and
September 1975.
Phase 2 - expansion of the system to 6 stations
(later reduced to 5 stations). Includes
an additional 25-30 vehicle fleet. Con-
struction expected to begin in late 1976.
The final cost for the completion of Phase 1-A proved to be
higher than that estimated by the government and industry participants.
The actual cost of Phase 1-A was approximately $40.4 million.
As a result of the continued underestimation of cost, the
Morgantown system as well as the federal government, industryi and
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University participants became prime targets for criticism by many
congressional committees, the news media and the general public.
I. Fixed Price Contract vs. System Quality
In order to establish control of the Morgantown system's costs,
UMTA initiated a fixed-price contract with the Boeing Company at the
beginning of Phase 1-B. The contract guaranteed satisfactory per-
formance of the Statement of Work at a not-to-exceed ceiling price of
$19.4 million. The contract reads as follows:
The government, upon paying the ceiling amount, shall
not be obligated to further compensate the contractor
for any effort. However, there is an obligation
levied on the contractor to satisfactorily complete
all aspects of the Statement of Work in accordance
with the System Specification. If the contractor
or his subcontractors are delayed in the construc-
tion of or delivery of supplies and services in
performance of the contract due to conditions beyond
his control, such as "Act of God", shortages or
Government regulation of energy resources......
the contract may be subject to a delivery extension,
without increasing the Government obligations either
in costs, fee or ceiling amount of the contract.1 4
Between January and February, 1974, Boeing informed UMTA that
Phase 1-B could not be completed for the ceiling price because the
costs were going to run in excess of $19.4 million and the major in-
crease was due to construction material. When Boeing asked for addi-
tional funds UMTA rejected the request for additional spending.
However, UMTA's reluctance to provide the additional spending forced
Boeing to use low quality material on certain aspects of the system.
14
Op Cite. U.S. Congress (Senate), Committee on Appropriations
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As a result, many problems were detected when the system was re-
leased to the University to test for a one-year period. These pro-
blems proved to be very costly and required UMTA to spend more funds
than expected. During the University's testing period, these were
problems identified.in the hydraulic pumps on the vehicles and in the
filtering devices. The pumps were not operating under certain
pressures as previousl' specified and the filters were not preventing
dirt or other debris from entering sensitive areas of the vehicles.
Specifically, there were at least four incidents of fire that
occurred in the arches over the power rails located adjacent to the
guideway. The reason for these fires is believed to be the fact that
the bolts made of stainless steel which were used initially, began
to corrode as a result of the cold weather mixed with snow and rain.
It was concluded by UNTA and the University that these parts were
made of low quality and unreliable material and, subsequently, this
led to the replacement of each bolt with chrome-plated bolts at a
cost that exceeded $1.0 milliono1 5
J. Politics and Technology
The Nixon Administration, between 1969 and 1970, was undergoing a
search mission for a special executive showcase that would perhaps
solidify its political ground. In order to accomplish this task,
objectives were established that would, perhaps, reflect a better pub-
lic image of the incumbent administration and, at the same time, serve
15
"History of the Morgantown P1RT,"
Daily __Athn l i-um, West Virginia Urivers;ity, February, 1976, p. 2.
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as a political expedient for the up-coming 1972 Presidential Election.
Improved public transportation service was one of the outcomes
of the Administration's endeavor. It was decided that tranportation
would be the kind of service that the public could readily relate to
and an area which the voters felt needed a great deal of improvement.
Thus, with the discovery and approval of the Morgantown application,
it was the intent of the incumbency to illustrate to the public that
there was an all-out executive effort to improve the existing public
transportation systems.
The approval of the Morgantown application, however, was not an
"automatic-given." There were at least three conditions that accom-
panied the approval of the application. The first condition was that
in order for the project to be funded it would have to be placed under
the Transportation Department's research and development program. The
second condition was that the federal government would be the overall
manager of the project and, thirdly, the project was to be completed
by -October 1972, one month before the 1972 Presidential Election. UMTA
was to assume the role as the project's direct manager. Its responsi-
bilities included the procurement of necessary funds, the selection
of contractors and, the provision of technical assistance to the
project. The functions of the Transportation Secretary's office were
primarily those of acting as an overseer to the project and serving as
the communication network between the Administration and the project's
participants.
When Boeing assumed the responsibilities as the PRT system manager,
it was given approximately one year to have the system physically built
and operationally ready for a dedication and public demonstration ceremony
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by October, 1972. This task required that all technical plans and
their related costs be finalized in order that construction could
begin.
In October, 1971, ground breaking ceremonies signalled the formal
start of construction at Morgantown. In the same month, the System
Specification was released (by UMTA and the University) and the first
two guideway (and structures) contracts were awarded to F.Jo Irey, Jr.,
Inc. of Pennsylvania and Melbourne Brothers Company of Ohio. By
February 1972, the system configuration (3 station, 5 vehicles) design
and cost estimate were finalized.
The first vehicle was factory-completed and tested under manual
control at Boeing's test facility (Seattle, Washington) in March, 1972.
The second vehicle was completed shortly thereafter and was the first
vehicle to operate (at the test facility) under completely automatic
control in May of 1972. Completion of the final vehicle (#5) occurred
late in June (1972).
During June 1972, it became apparent to Boeing that the construc-
tion activities were not proceeding at a rate that would meet the
October date. One reason given for this was the heavy rainfall brought
on by "Hurricane Agnes" during the summer of 1972. Another reason was
the shortage of electricians in the Morgantown area. As a result,
Boeing instituted meetings with the construction contractor to develop
a recovery plan which was subsequently put into effect, By August,
however, further delays occurred as a result of a union jurisdictional
dispute. The International Brotherhood of Electrical Workers (IBEW)
claimed jurisdiction over all work on vehicles, communication and
command systems, and power systems which Boeing wanted to have done by
58
Boeing technicians, who belonged to the International Association of
Machinists and Aerospace Workers (IAMAW). The dispute was settled
in September, 1972 when the IBEW withdrew its' claim.
The guideway structure and three stations were completed in
September and one vehicle was tested by manual-control between the
Maintenance Facility and the Engineering Station. This initial test
route had been agreed to by UMTA and Boeing in June.
On October 24, 1972, the dedication and demonstration ceremonies
were held. The dedication ceremony was attended by various dignitaries,
including the daughter of the incumbent President (Patricia Nixon) and
the Secretary of Transportation (John Volpe). In addition, many people
from the metropolitan area of Morgantown attended the ceremony.
In early November, 1972, an apparent failure of the BART Fail-safe
systems to prevent a crash incident caused concern by UMTA for the
effectiveness of the Morgantown PRT Fail-safe-systems. As a result,
Boeing, with the support of the Bendix Corporation, conducted an in-
tensive system safety review from January through May of 1973. The
results, which exposed some inadequacies, led to the design changes in-
corporated in the Phase 1-B system.
Between November 1972 and June 1973, other major activities were;
the completion of Phase 1-A construction, control and communication
system installation and check-out, completion of the system integration
testing, incorporation of the system design changes and the preparation/
planning for Phase 1-B.
The start of the integrated system testing utilizing the complete
guideway was delayed by late completion of construction, however, testing
was started from the Engineering Station to the Maintenance Facility and
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later extended to Beechurst and Walnut Stations' Pre-qualification
testing was completed in June 1973. This testing established the
technical feasibility of the Morgantown PRT concept, however, it
showed that a significant redesign was required to meet the system's
public service reliability objective and satisfy certain safety
requirements.
K. Summary
This chapter has attempted to trace the history of the Morgantown
PRT system from its initial planning stage to the project's current
development. The chapter has explored the transportation problems
experienced by the Morgantown community that ultimately led to the
thinking process for the PRT; the activities that occurred while the
system's concept was being developed; and, the events that emerged as
a result of the Morgantown system being implemented.
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CHAPTER III
ANALYSIS OF THE MORGANTOWN PRT SYSTEM
A. Introduction
The development of a new technology is a story of man's long and
painful efforts to control his material environment for his own benefit.
Man has been able to do this, as no other creature has, by two means:
first, the use of tools; and second, the application of reason to the
properties of matter and energy. For many years, however, his progress
in technology was made by trial and error, that is, by empirical advance,
which nonetheless made possible impressive achievements.
There has always been a close interaction between the form of man's
society and the technology which it produces. The political, social,
economic and environmental organization of a culture often influences
the kind of problems and goals that are set before decision-makers and
planners and the importance and magnitude of the undertakings with which
they are concerned. One such technology is the Morgantown PRT which is
a demonstration project established to test the "unknown" features of
an innovative transportation concept.
This chapter provides an analysis of the Morgantown project in terms
of tchn 11 ology, envirornnt, public acceptance and cost-etfectiveness.
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It attempts to convey the results of the Morgantown experience based on
the methodology mentioned in Chapter I. The chapter will discuss the
following: 1) the innovation found in the Morgantown PRT and the tech-
nical accomplishments and problems as they relate to the system's
development and implementation; 2) the extent of the public's accepta-
bility of the Morgantown PRT as determined by an analysis of the results
of the survey described in Chapter I; 3) the extent to which the PRT
has affected Morgantown's environment with specific emphasis on the
noise, air and aesthetic qualities; and 4) a comparative analysis of
available costs and ridership data to determine the system's cost-
effectiveness.
B. Technology
1. Morgantown PRT vs. Conventional Transit Technology
Webster's New World Dictionary defines innovation as "something
newly introduced such as a method, custom or device". The inference
drawn from this definition is that in order for an item to be innovative,
it must be different in some respect from a previous item. It can be
determined from the above statements that if the Morgantown system is
an innovative means of moving people, it would have to possess certain
characteristics that are different from existing public transit systems.
For purposes of clarity, the author defines existing systems as conven-
tional bus and rail rapid transit because they are well established
urban transportation modes.
There are several major differences between the Morgantown PRT and
conventional transit systems. The first difference is that in terms of
the planning process, considerable thought was given to the idea of
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attracting as many people as possible from their automobiles to public
transportation. To achieve this objective, it was necessary to provide
a service comparable to that of the automobile, and at the same time,
perhaps, reduce some of the advantages of automobile use. Advantages
of the automobile include the following; 1) it is smaller in size
than the bus or the vehicles used on the rail rapid systems, 2) it is
personal in nature, and 3) it takes a passenger, theoretically, nonstop
from a particular origin to a given destination. The Morgantown PRT
basically provides the same type of service. The vehicles are small in
size and relatively comfortable as compared to a bus and/or a rail
vehicle. The Morgantown system becomes personal to the passenger during
the off-peak hours when the system is operated in a demand-responsive
mode. It provides nonstop origin-to-destination travel during both peak
and off-peak periods when the system is operated in a scheduled or
demand-responsive mode respectively. Bus and rail vehicles tend to be
bulky in size, extremely impersonal and are required to make frequent
stops (excluding express bus and commuter rail) along their assigned
routes.
Another major difference between the Morgantown system and conven-
tional transit technology is the achievement of certain technological
advances which are required to implement the concept of the Morgantown
system. In order to produce the necessary passenger throughput, a
fifteen second headway has been achieved. When compared to the headway
of bus (45 seconds to 3 minutes) and rail rapid systems (90 second
minimum-BART), this achievement provides a tremendous reduction in the
spacing of vehicles. Thus, this implies that the control features of
PRT vehicles are far superior to that of bus and rail system.
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The final technological difference between the Morgantown PRT
and conventional transit technology (and perhaps the most unique) is
Morgantown's capability to operate in a scheduled mode in peak periods
and in a demand-responsive mode in the off-peak hours. The advantages
of a scheduled mode of operation are: it requires fewer vehicles; it
is more easily controlled; and it generally offers a higher throughput
capability than a demand-responsive systemo The advantages of a
demand-responsive mode of operation are: it provides nonstop origin-to-
destination service; it offers a uniform level of service throughout the
day; and it provides an amenities level comparable to that of an auto-
mobile while a passenger is in the vehicle. Thus, Morgantown combines
the advantages of both of these modes. The results of the thesis re-
search indicated that conventional transit systems do not maintain both
of these functions in the same system.
According to many of those interviewed, the hardware used in the
Morgantown system had been previously developed for other applications
(i.e. brakes, guideway, vehicles, etc.) This suggests that the
Morgantown system does not extend State-of-the-Art technology to any
great extent. It does, however, because of the integration of existing
hardware into a new systems concept, provide us with a model that is
different from any other existing system. As compared to convential bus
and rail rapid systems, the Morgantown PRT provides increased frequency
of service and schedule flexibilityo The approach makes it practical to
provide high quality service during both high and low passenger demand
proposedly at a low operating cost.
In suuriary, service quality and frequency distinguishes the Morgantown
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PRT from competing bus and rail systems. The most innovative techni-
cal aspect of the system is its demand-responsive feature. This
capability is attained by the use of special hardware and software in
the communication and control systemo Lastly, the system is able to
operate its vehicles at a 15 second headway distance which, as men-
tioned earlier, is an achievement unobtained by conventional transit
systems.
2. Technical Accomplishment
a. Technical Feasibility
One of the objectives of the Morgantown demonstration project
was to determine the feasi.ility of the PRT for deployment in an urban
application which would require a large scale system (e.g. 50-60 sta-
tions and 300+ vehicles). Most of those interviewed are convinced that,
from the viewpoint of the hardware and software needed to provide the
demand-responsive characteristic of the Morgantown system, the demon-
stration project has proven that such a system is technically feasible.
Through the use of testing, it has been concluded that the Morgantown
system is able to meet the current passenger demand in Morgantown. From
this standpoint, it is believed that the PRT concept is feasible for de-
ployment in an urban area in terms of command and control and demand-
responsiveness but, whether it is operationally feasible is still a
major challenge for the PRT. Operationally, reliability and economics
are still major issues confronting the PRT in proving its urban applica-
bility because of the large number of cars that would be required to meet
the passenger demand in a major urban area.
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b. Collision-Avoidance System
The Morgantown project has developed a system that is considered
by Frank Musil of Boeing and others interviewed as being unquestionably
safe and could possibly be applied to many automated or unmanned systems.
The main feature of the safety system is called the Collision Avoidance
System (CAS). The CAS is mainly described as a system whereby wires are
placed in the concrete of the guideways allowing safety tones to be
transmitted as signals to each vehicle. When these tones are not regis-
tered the vehicle automatically stops. One congressional source stated
the following about CAS:
An in-depth analysis of the collision avoidance systems
and their reliability and safety features led to the
development of techniques and components which re-
sulted in a system which has a calculated probability
of an unsafe failure occurring no more than once every
10,000 years.1 6
c. Control and Communication System
The Morgantown project has developed a very sophisticated control
system. The "Control and Communication System" (C&CS) is viewed as the
most essential feature of the Morgantown project because the overall con-
cept of the system is dependent upon the performance of the C&CS.
It was concluded by Frank Herringer, Administrator for UMTA, as well
as others interviewed that "there are three direct benefits that have
evolved from the development of Morgantown's Control and Communication
16
U.S., Congress, House, Committee on Appropriations,
Hearings on Morgantown Project, 92nd Cong., 1st. Sess., 1972, p. 482.
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system:
'l) The system's apparent application to Morgantown's
transportation needs.
2) The proven design which is available for applica-
tions to other systems in different cities, and
3) The knowledge gained in terms of the development
of more advanced control features for higher
performance systemsol7
Overall, the Morgantown demonstration project has developed an inno-
vative transportation system that moves vehicles and passengers in what
appears to be a safe and orderly manner under computer control. The
basic features of the project's C&CS, the on-board system for controll-
ing vehicle speed, the CAS and the switching system have been proven
under the demonstration testing program. The second phase of the
Morgantown project is expected to further improve upon these techniques
and to demonstrate whether or not the PRT is operationally feasible with
particular emphasis on cost and reliability.
The Morgantown project, as expressed by many of those interviewed,
has provided a great deal of knowledge about one particular transporta-
tion concept and its transferrability in providing a solution to other
transportation problems. From the viewpoint of many of those involved
in the project,;much has been accomplished in the past six years as a
result of the R&D gained from the Morgantown PRT demonstration.
It is very difficult to quantify knowledge and/or measure it in a
monetary sense. Whether the knowledge gained as a result of the
Morgantown experience has been worth the $64.0 million already expended
U.S., Congress, House, Commnittee on Appropriations,
Hearin, on Morgantown Project, 92nd Congress, 2nd Sess., 1973, p. 469.
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is still a debatable question among the many advocates and critics
of the PRT and will be discussed to some extent at a later point in
this paper.
3. Technical Problems
a. Cost Estimates
One of the major problems experienced by the Morgantown project
has been in the area of cost estimates. Each design proposed for the
Morgantown system proved to be significantly underestimated. Table 5
illustrates the variances found between the projected and actual costs
for Phase 1-A.
Compared to the actual cost of Phase 1-A, the initial system con-
figuration and subsequent cost estimates were based on the results of a
feasibility study rather than a system specification with established re-
quirements for maintainability, reliability and safety. It can be
determined from Table 5 that the actual costs for Phase 1-A were within
10 percent of the 1972 projection which was based on a system specifica-
tion. However, the greatest cost difference was due to the construction
of the guideway and stations. Actual Phase 1-A construction was 131
percent above the first estimate ($10.0 million) and accounted for 57
percent of the total Phase 1-A cost for system design, construction,
installation, operation and testing. Acceptance of the initial cost
estimates ($13.5 million) reflected an overeagerness on the part the
University, JPL, and the federal government to begin the project.
The $23.3 million estimate for the first three stations, five-vehicles
configuration requires further explanation. Because of the lack of de-
finitive and detailed technical design information, UMTA decided that
Table 5
MORGANTOWN COST ESTIMATE HISTORY
(in millions of dollars)
Construction Vehicle Command
Program
Management
System engineering
I & C.O. and Other1
System
Configuration
Phase 1-A
8/15/70
3/19/71
4/26/71
2/11/72
4J
*1-)
~J)
ra~
13.5
37.4
23.3
36.9
10.0
21.1
11.6
20.3
1.8
6.4
4.6
4.4
1.3
6.0
4.4
6.2
0.4
4.0
2.7
6.0
Phase 1-A
6/30/73
Phase 1-B
9/12/75
40.4 23.1
K14
19.4 2.7
4.9
4.1
7.9
5.7
6 stations, 3.7
guideway miles,
100 vehicles
3 stations, 2.2
,guideway miles,
5 vehicles, limited
R&D software, 1-
vehicle maintenance
facility
**
4.5
6.9 Guideway Heating,
full-size mainten-
ance facility, 45
vehicles, acceptance
testing and evalu-
ation
other includes safety and reliability engineering, training, spares, operational, maintenance, and test
support.
Note: JPL, WVU, TSC, and other support costs in the amount of $4.5 million constitute the remainder of
the $64.3 million Morgantown PRT budget and are not shown here.
Soulrce: Congressional Hearing; U.S. House, 1975
Date Cost
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the -research and development effort should be reduced (to 3 stations,
5 vehicles, etc.) due to limited available funds. Thus, JPL was re-
quired to design a system at a cost of no more than $25.0 million.
JPL was given only a 5 week period to define a detailed technical de-
sign and to provide the subsequent cost estimates. According to several
engineering experts, this was not enough time to effectively design
such a system. It normally.takes between six and nine months to define
a detailed techical design for a system equivalent to the Morgantown
PRT.
It is difficult to determine all of the causes for why the costs
were significantly underestimated, but it is certainly clear that one
reason was that the Morgantown system was not defined in either of the
system configurations. Although the estimate for the final system con-
figuration ($36.9 million) was closer to that of the actual cost, the
emphasis was still not placed on the size and complexity of the project.
More importantly, the federal government, industry and University par-
ticipants failed to recognize the total complexity of developing an auto-
mated transit system which had to safely and reliably accomplish functions
without the intervention of a human operator. To accomplish such an
objective required that a definitive design program be established. In
Phase 1-A, the Morgantown system did not have such a program and because
of this the cost estimates proved to be unrealistic. According to
Tom McNeil and Donald Clark, detailed-estimating is the best method of
estimating cost because it provides the greatest accuracy. They stated
that, "detailed estimating is characterized by a thorough, detailed ana-
lysis of all processes, components, and assemblies. The application of
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labor rates, material price and overhead (burden) costs to the
generated requirements translate the estimate into dollars. It is
used whenever accuracy is important in arriving at a decision".18
b. Schedules
The Morgantown system is viewed as the integration of
"off-the-shelf" hardware into an innovative transportation system.
This process, according to many technical experts, is not an easy task
and should not be taken for granted. It requires a vigorous develop-
ment program particularly focusing on the mechanical and electrical
interfacing between components and partso After the completion of the
interface process, a sound testing program should be implemented in
order to identify certain problem areas. Normally, a sound or effective
testing program will range between 2 to 3 years depending on the com-
plexity of the automated transit system. When the testing period has
been verified, a system then might be placed into an operational phase
for demonstration purposes. Unfortunately, this methodical process did
not occur at Morgantown.
As noted in Chapter 2, Boeing was given approximately one year
by the Transportation Department to have the Morgantown system (Phase 1-A)
completed and ready for a public demonstration in October, 1972. To
accomplish such an effort within the specified time frame violated every
engineering principle ever written and, thus, mistakes were inevitableo
18
Thomas F. McNeil and Donald S. Clark, Cost Estimating and Contract
Pricng, New York, 1966, p. 100.
71
Based on the "accepted" process mentioned above, it appears that a
testing program should have been instituted following the completion of
the Phase 1-A system in-lieu of the October demonstration. But, because
of the political time-table that was established, Boeing and supporting
contractors could not obtain a systems level test program at Morgantown.
Many of those interviewed for the thesis research believed that the
test program was denied by the U.S. Department of Transportation because
of the 1972 Presidential election that was held in the subsequent month.
Robert A. Hemmes, former UMTA associate administrator for R&D is quoted
as saying in March, 1974 that, "there was a general feeling in the
department (DOT) that any mark of substantial accomplishment would help
score points for the Administration with city voters".19 As a result
of the unrealistic schedule, a non-operational system was developed
which subsequently required some redesign and additional federal spending.
It was determined that many safety problems existed within the five-
vehicles demonstrated and that the software used to operate the vehicles
was suitable only for a "test" program rather than an operational system.
The software used in the command and control system during the test period
did not have the capability to control the fleet of 40 additional vehicles
being planned for Phase 1-B.
The scheduling problem experienced in the initial phase of the
Morgantown project can largely be contributed to political factors. The
system was generally based on a schedule that satisfied political interest
19
"The Ecalatiny Cost of a Peoplc Mover," Business Week,
March 16, 1974, p. 51.
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rather than a schedule that suited the actual needs of the research.
In addition, political intervention appears to have had a substantial
effect on the management of the project. Frank E. LoPresti of the
F.R. .Harris Consulting firm confirms that the initial schedule had
unfortunate results; "The schedule was dictated to us, and we designed
the guideway in an unheard of five months. We designed it before the
criteria were known, and even then the criteria kept constantly
changing."2 0  The lack of front-end work (i.e. system integration
planning, requirements and allocation, etc.), non-allowance for the
development of contingency plans for dealing with labor strikes,
inclement weather, and inadequate testing (i.e. for components, sub-
systems, etc.) implicate that the managerial aspects of the project
were not effectively administered. As a result of political inter-
vention which caused management problems, the entire research effort
accomplished between 1969 and 1972 proved only to be a "test" system
rather than one that could be implemented operationally as had been
planned.
c. Effect of Fixed-Price Contracts
The aircraft and aerospace industries have been performing most
of their work for the Federal Government under two basic types of
contracts since the early 1950's. They are listed as the Cost-Plus-
Fixed-Fee (CPFF) contract and the Fixed-Price (FP) contract. The
difference between the two contracts is that the latter is a high risk
20
IBID
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type for the company or contractor. A fixed-price contract limits
the spending on a particular project from the outset and the amount can
not be changed by reason of any actual costs that may be experienced
during performance phase.21
Another difference between CPFF and FP contracts is the variance
in the payment policy for performance. McNeil and Clark state that,
under a CPFF contract, the company is paid all of its actual allowable
costs on a monthly basis, regardless of what the contract spells out
as the estimated cost before performance begins (with certain exceptions).
Conversely, with a FP contract the company is paid on a reimbursement
basis and cannot receive funds until after it has expended its own.
Table 6 illustrates specific advantages and disadvantages of
Fixed-Price contracts.
As indicated in the preceding chapter, the federal government
essentially had a fixed-price contract with the Boeing Company for Phase
1-B of the Morgantown project. As illustrated in Table 6, the advantage
of the fixed-price contract to the government was that it provided a
guarantec that the cost of Phase 1-B would not increase over time, while
the disadvantage to Boeing was that it forced them to assume a high risk
performance responsibility. Conversely, the advantage to Boeing turned
out to be the way in which the contract was written;
(i.e. "..to satisfactorily complete.....
the Statement of Work in accordance with
system specification.",) 22
21
Op. Cite., McNeil and Clark, p. 132
22
Op. Cite., U.S. Congress, Senate, Committee on Appropriations.
Table 6
ADVANTAGES & DISADVANTAGES WITH FIXED-PRICE CONTRACTS
ADVANTAGES FOR THE GOVERNMENT
The Government obtains all the ease and lowered
costs of administration because it can make a
firm commitment of funds.
ADVANTAGES FOR THE CONTRACTOR
The ccatractor experiences the opportunity to
rrake high profits if he is geared to perform
ef.iciently according to the terms of the
contr&at 0  He is able to do this by con-
trolling and/or reducing the costs, and
submits a bid with estimated costs in line
with w.hat actual performance costs turn
out to be.
The ccntractor can administer the contract
with a minimum of coordination (also re-
ferred to as "interference") from the
Goverr~mento
DISADVANTAGES FOR THE GOVERNMENT
It must pay a higher profit to the contractor for
its assumption of all risks. The contractor may
include contingencies that never occur. The
fixed-price cannot be revised if the contractor
manages to keep the actual costs much lower
than anticipated.
DISADVANTAGES FOR THE CONTRACTOR
The risk is exceedingly high because there are no
contingencies for rising costs in labor, material,
etc., which may cause actual costs to run higher
than projected ones. After putting in months of
labor and dollars, the contractor runs the risk
of some unforeseen contingency making it impossi-
ble to deliver as required. There is no addi-
tional payment to him if such a default should
occur.
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As indicated by the above, the contract required Boeing to pro-
vide a product according to the system specification but, relieved them
of the responsibility for satisfying the sub-system specification
(i.e. the details or design aspect of the vehicles, command and con-
trol system, etc.).. According to one government participant, when
the federal government initiated the fixed contract restricting the
amount of money that Boeing could spend on Phase 1-B, Boeing, then took
the position that it would provide a system that satisfied the -system
level specification but, that the federal government did not have any
control over the manner in which the sub-system specification would be
designed and/or built. This implied that the government would not have
any control over the specifics of the Morgantown system. Sub-system
components are the critical features of any system and are responsible
for the proper (or improper) functioning of a system like Morgantown.
Yet, the federal government gave up its authority to carefully control
and monitor this aspect of the project. From this standpoint, the
disadvantage of the fixed-price contract to the government was the ulti-
mate lack of control over what is viewed by many systems experts, as
the most essential feature of the Morgantown system.
Since the system's release to the University for operating and
testing for one year (at the government's expense), there have been
several problems detected in the components (sub-systems) previously
used in the Morgantown project. For example, as indicated in Chapter 2,
there have been several electrical fires on the power rails. It was
pointed out by Tom Comparato, a systems engineer for the federal govern-
ment, that Boeing chose to use commercial parts that had low reliability
in order to operate within the financial constraints of the fixed contract
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rather than use military standard parts. Military standard parts are
subject to rigorous reliability testing and normally cost more than
commercial parts. This incident relates the lack of control by the
government over the decision-making process in terms of the system's
quality and consequently suggests that the best interests of the govern-
ment and/or the University were not being well-represented. The lack
of government (Department of Transportation) control in this respect
required additional spending to rectify the mal-function within the
power rails. According to Dr. Elias, there is a possibility that the
power rail used in the Morgantown system will have to be completely
changed during Phase 2. This suggests even further federal spending.
The effect of the fixed-price contract may have initially limited
the amount of excess spending in Phase 1-B, but it certainly has not
controlled the subsequent spending experienced by the University since
it took over the testing of the project.
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C. Public Acceptance
As related in Chapter 2, the Morgantown public raised no
substantial objections to the initial development and implementation
of the PRT system in their community. Although no sophisticated
attitudinal study was taken at that time, it was concluded from the
results of the public hearing and the news media coverage and discussions,
that the majority of the Morgantown residents approved of the PRT
concept. The Final Environmental Impact Statement for the Morgantown
PRT related the following:
"There were no critical issues and objections raised by the
public as a result of th? public.hearing and news media discus-
sions concerning the PRT project. . . "23
As a result of the above conclusion, I felt that it might be
interesting to find out, on somewhat of a different level, how the
Morgantown public actually felt about the PRT system prior to its
initial development. In addition, I was interested in why the residents
felt as they did and if their attitudes have significantly changed since
the implementation of the PRT system. This desire for additional
information led to the development of a survey questionnaire which was
verbally administered to seventy (70) inhabitants of the Morgantown
community. This section will focus on the results of this survey
and attempt to analyze the initial and current attitudes of the Morgan-
town public toward the development and operations of the PRT system.
Op. Cit., U.S. Department of Transportation, p. 11.
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1. Survey Methodology
I concluded that one of the best methods for finding out how
residents feel about occurrences within their own community is to
ask them. Having made this decision, I set out to survey several
individuals in the Morgantown community to determine on an exploratory
scale the public acceptance or non-acceptance of the PRT system.
Over a three day period, I was able to randomly select and verbally
survey seventy (70) inhabitants of the city. Realizing that 70
is somewhat of an odd number for a survey in a city that has a popula-
tion of over 45,000, I feel compelled to explain the conditions under
which I surveyed these individuals. Due to financial and research time
constraints, only three days could be devoted to the survey effort.
During this period, individuals were randomly selected and surveyed
within four specific pre-determined categories: 1) individuals observed
riding the PRT (PRT Riders); 2) individuals observed using their
automobiles (Auto-users); 3) individuals residing in the residential
areas; and 4) individuals owning or managing businesses in the
community.
Those selected for the survey were chosen in the following ways:
1) Individuals in the first category (PRT Riders) were stopped
and surveyed either while they were riding the PRT or while they were
waiting at the PRT stations; 2) Auto-users were surveyed randomly
on the streets either as they parked their cars or were stopped at a
traffic light; 3) The individuals residing in residential areas were
asked to participate ib the survey after they responded to a knock on
the door; 4) Business managers/owners were approached randomly within
the various stores and businesses and requested to participate.
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The breakdown of the 70 individuals surveyed is as follows:
24 (twenty-four) PRT riders; 22 (twenty-two) auto-users; 10 (Ten)
individuals residing in residential areas; and 14 (fourteen) business
managers/owners. (See Tables 7A, B, C, D, and E).
The occupations of those surveyed included the following:
22(twenty-two) students; 39 (thirty-nine) professional and non-
professional workers; 8 (eight) housewives and 1 (one) retiree. (Also
see tables 7A, B, C, D, and E).
The survey questions were designed in such a way as to allow
open-ended answers but, basically, requested information pertaining
to the individuals feelings about the PRT and whether or not its
implementation has affected their daily lives.
There were also two questions asked concerning the PRT's
environmental influence but, this information will be discussed later
as part of the environmental analysis.
Although some additional questions were asked of individuals
within specific categories, each person surveyed was asked to provide
the following information:
1) What was your initial feeling when you learned that the
PRT system was going to be built in Morgantown (Approval or
Disapproval)? Why?
2) What is your feeling now (Approval or Disapproval)? Why?
3) Would you prefer a different transportation system other
than the PRT (Yes or No)? Why?
4) How often do you use the PRT (number of times per week)?
' Why?
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TABLE 7A
PRT RIDERS
Number of persons Occupation
20 Students
2 Housewife
1 Custodial Worker
1 Alcohol Counsel
Total 24
TABLE 7B
AUTO-USERS
5 Housewife
2 Factory Worker
2 Salesman
2 Teacher
1 Bus Driver
1 Banker
1 Truck Driver
1 Psychiatrist
1 Taxi Driver
1 Insurance Agent
1 Hospital Worker
1 Student
1 Mechanic
1 Military Serviceman
1 Retired
Total 22
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TABLE 7C
Residential Area
Numbcr of Persons Occupation
Mechanical Engineer
Hair stylist
Teacher
Doctor (MD)
Truck Driver
Public Administrator
Nurse
1 Pharmacist
1 Student
1 Housewife
Total 10
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TABLE 7D
LOCAL BUSINESSES
Number of persons
2
2
2
Position
Manager
Manager
Manager
Manager
Manager
Manager
Manager
Asst. Manager
Salesman
Sal esman
Repairman
Type of Business
Auto Parts Store
Furniture Store
Paint Store
Plant Shop
Clothing Store
Liquor Store
Service Station
Book and Music Store
Electronics Shop
Real Estate Agency
Television Service Shop
14
TABLE 7E
TOTAL SURVEYED
Cateogory
PRT Riders
Auto-Users
Residential Area
Local Businesses
Total Persons
24
22
10
14
Grand Total 70
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5) Do you feel the PRT has affected the environment in any way?
(Yes or No)? How?
6) What is your occupation or student status?
Additional information requested specifically of the PRT Riders
were:
7) Why do your use the PRT?
8) What do you think of the fare that you pay to ride the
PRT (Approval or Disapproval) Why?
9) Do you have access to or do you operate an automobile?
Additional information requested of the other three groups (i.e.,
residential, business owners/managers and auto-users) were:
10) Has the system affected you or your activity in any way? How?
11) What is your primary source of transportation to and from work?
2. Survey Results
The questions listed in the previous section assisted me in
establishing the initial and current attitudes of the Morgantown public
toward the development of the PRT concept. Briefly, I will discuss
the responses to these questions and then proceed with the analysis of
the results.
The responses to the first question, "What was your initial feeling
when you learned that the PRT system was going to be built? (Approval
or Disapproval) Why?" indicated that 54 or 77% of the 70 persons
interviewed approved of the system prior to its actual implementation.
The responses also indicated that 3 or 4.3% disapproved of the system
and 13 or 18.6% wore uncertain as to how they felt when they first
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learned that the PRT was going to be built in Morgantown. There were
numerous reasons provided for the approval of the Morgantown PRT but,
the most frequent responses are as follows: twenty-three or 32.9%
of those interviewed felt that the PRT would solve Morgantown's trans-
portation problem; ten or 14.3% thought that the development of the PRT
was a good idea for Morgantown; and eight or 11.4% thought that the system
would provide better transportation for the University students. Two
(2.9%) of the three persons who expressed initial disapproval felt that
the system would ultimately cost too much money and thus, were not
enthusiastic about its development in the Morgantown community. The
other person expressed disapproval because no additional parking facilities
were being planned near the PRT stations to accommodate commuters.
The remaining 13 or 18.5% stated that they did not know enough abcut
the system initially to formulate an opinion or they couldn't remember
how they felt.
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The responses to question one are listed below in Table 8:
TABLE 8
A) Approval
Frequency of
Response % of TotalReason
1. Solution to Morgantown's Transportation
Probl ems
2. A Good Idea for the Morgantown Community
3. Provides Better Transportation for
University Students
4. Remove Buses off of-the Campus and
Downtown Streets
5. Uncertain
6. Provides Something New For Morgantown
7. It's a Good Experimental Project
8. Would Help Business
9. Provide Publicity for Morgantown
10. It Wouldn't Hurt Morgantown
11. Would Provide Kore- Convenience
23
10
8
3
3
2
1
1
1
1
Total 54
32.9
14.3
11.4
4.3
4.3
2.9
1.8
1.8
1.8
1.8
1.8
77.1%
B) Disapproval
Frequency of
ResponseReason % of Total
Cost Too Much
No Planned Parking Facilities
3 4.3%
1.
2.
2
2
2.9
1.4
To tal
86
C) Uncertain
Frequency of
Reason Response % of Total
1. Didn't Know Enough About the System. 13 18.6%
Total 13 18.6%
In addition to the information in the above table, it is also
interesting to note that of the four categories surveyed, ten or
100% of those in the residential category indicated that they approved
of the PRT system initially. In the auto-user group, eighteen or
81.8% approved of the system initially, one or 4.6% expressed disapproval
and 3 or 13.6% were uncertain. Eighteen or 75% of the PRT riders
approved of the system initially and 6 or 25% stated that they disapproved.
The business manager/owner category registered the lowest approval rate
since only 8 or 57.1% approved of the system, 2 or 14.3% disapproved
and 4 or 28.6% were uncertain as to how they felt about the initial
development of the PRT.
The second question provided as many different responses as the
first one and offered interesting comparative data in terms of the
attitudinal change. The question was "What is your current feeling
about the Morgantown Project? (Approval or Disapproval) Why?" A
summary of the responses is listed below in Table 9.
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TABLE 9
A. APPROVAL
Frequency of
Reason Response % of Total
1. Potential for Being a Good System 4 5.7
2. Solves the Transportation Problem 4 5.7
3. Provides Better Transportation for Students 4 5.7
4. Good Idea for Morgantown 3 4.3
5. Remove Buses from the Street 2 2.9
6. Good Experimental Project 2 2.9
7. An Experiment Which Requires Time 2 2.9
8. Something New for Morgantown 1 1.4
Total 22 31.5%
B. DISAPPROVAL
Frequency of
Reason Response % of Total
1. System Has too Many Breakdowns; unreliable 32 45.7
2. Cost Too Much Money 4 5.7
3. Does not Benefit the Total Community 2 2.9
4. Does not Help the Transportation Problem 1 1.4
5. No Value to Businesses 1 1.4
6. Not Managed Properly 1 1.4
7. No Parking Facilities Near Stations 1 1.4
8. No Direct Benefit 1 1.4
9. System is Hazardous (numerous fires) 1 1.4
10. DId not Live up to Expectations 1 1.4
45 6.
88
C. UNCERTAIN
Frequency of
Reason Response % of Total
Don't Know Enough About the System 3 4.3%
Total 3 4.3%
A review of the information in Table 9 indicates that only 23 or
31.5% of those surveyed currently approve of the PRT, while 45 or 64.1%
disapprove and 3 or 4.3% are uncertain. The three reasons provided
most frequently for approval were: The PRT has the potential for
being a good system; it solves the Morgantown transportation problem;
and it provides better transportation for university students. These
reasons were also given most frequently by those who stated in response
to question one that they approved of the PRT prior to its initial
development. Unlike the responses to question #1, however, a larger
percentage of those responding to question two stated that they currently
disapprove of the PRT system. Overwhelmingly, the reason provided for
this response was that the PRT system currently experiences too many
breakdowns and is therefore, unreliable. The attitudinal change as
expressed by the differences in the responses to question one and two
will be analyzed later in this chapter.
The third question asked "Would you prefer a different transportation
system other than the PRT? (Yes or No) and Why?" Of those surveyed, 55
or 78.6% stated that they would not prefer a different transportation
system to the PRT. There were numerious reasons for this response but,
the most frequently mentioned were as follows: The PRT is a good system;
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The PRT is the best transportation set-up Morgantown could have;
The PRT is an excellent system for a medium size city; The PRT was
designed to discourage automobiles; It solves student transportation
problems; and It provides a better transportation system than buses.
Several of those who stated that they would not prefer another system
also qualified their statements by suggesting that the current PRT
needs the following improvements: The system should be extended in
order to benefit more townspeople; There should be more parking
facilities built; The technical problems should be ironed out; and the
system needs to be more efficient and reliable.
Eleven or 15.7% of those surveyed stated that they would prefer
something else to the PRT. The majority of those who preferred an
alternative to the PRT stated that the primary reasons for their
dissatisfaction were: 1) It cost too much money, 2) The system doesn't
operate properly, 3) The system doesn't solve Morgantown's transportation
problem, and 4) The system only benefits the students. Others felt that
the funds used for the PRT might have been more appropriately expended
for a better highway system, a better bus system, better educational
programs, better streets or the development of factories in order to
increase employment opportunities.
4 or 5.7% stated that they were undecided about whether they
would prefer another transportation system to the PRT system.
The responses to question four and seven " How often do you use
the PRT (per week)?" and "Why do you use the PRT?" are summarized
in the following tables. The responses to question 5 will be discussed
in section D on the environment. Question 6 which asked the occupation of
those surveyed was used for identification purposes and shall not be
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elaborated on here since the information was listed earlier in the
section.
TABLE 10
Number of
Frequency Per Week Responses % of Total
Never
Once
Twice
Three
Four
Five
Ten
Twenty
35
16
50.0
22.8
4
2
1
6
3
3
5.7
2.9
1.4
8.6
4.3
4.3
TABLE 11
(PRT Users)
Purpose
Class
Work
Pleasure
Frequency of
Response
20
1
14
% of Total
28.6
1.4
20.0
35 50%Total
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Table 10 above indicates that 35 or 50% of those interviewed
have never used the PRT and that 16 or 22.8% use the system only
once per week. 4 or 5.7% of those interviewed use the system twice
per week; 2 or 2.9% use the system three times per week; one or 1.4%
use it four times per week; six or 8.6% use it five times per week;
three or 4.3% use it ten times per week; and three or 4.3% use the
PRT at least 20 times per week. Although Table 10 does not reflect
who uses the system more frequently, it was obvious from a review of
the data that those using the system more often were in the PRT
Rider category and most were students traveling back and forth to class.
Table eleven relates that the majority of those who ride the PRT
do so for the purpose of traveling back and forth to classes. The
second most frequent purpose for using the PRT was for pleasure.
Finally, only one person stated that the PRT was used for transportation
to and from work.
Question eight which asked "What do you think of the fare charged
to ride the PRT?" received the following responses: 46 or 65.7% of
those surveyed stated that the fare is reasonable while 10 or 14.3%
believed that the fare is too high. 14 or 20% of those surveyed were
uncertain as to whether or not the fare is reasonable.
Some of the students surveyed expressed concern over the PRT
fare because they felt that they should not be required to pay for
the PRT during the up-coming school term since they might not directly
benefit from the system. As an explanation of this concern, the
University has expressed that there is a possibility that all students
will be required to pay an additional $25.00 per semester to cover
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the operating costs of the PRT system. Since the current system is not
serving all three campuses, the students feel that those who are not
using the system should not be required to pay the additional $25.00
fee. Currently, the students. ride the PRT free of charge but, all
other passengers pay $.25 per ride.
The results of the responses to question nine "Do you have access
to or operate an automobile?" indicated that 9 or 38% of the riders
have access to/or operate an automobile. This question was asked
only of the PRT riders in order to determine the number of individuals
who chose to ride the PRT zather than drive their cars.
Question 10, "Has the'PRT system affected you or your activity
in any way? If so how?" was asked of the residents, business owner/
managers and the auto-users. 100% of the residential category stated
that the PPT had not affected their activities in any way. Three or
21% of the business category indicated that their sales have increased
since the installation of the PRT system. One of the businessmen
stated that he received a contract for supplying material for the
construction phase of the PRT. The other two indicated that they
had noticed an increase in sales to university students. Their businesses
(a furniture and plant shop respectively) are located directly across from
the downtown station (Walnut). The other 11 or 79% in the business
category stated that the PRT has neither helped nor hindered their
business activities.
89 or 20% of the auto-users felt that the PRT had not relieved the
congestion situation in downtown Morgantown and that parking problems
had not been alleviated. Tho other 2 or 11% indicated that they? had not
seen as many university buses operating in the downtown vicinity
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which they felt was an improvement in terms of the overall congestion.
The responses to question eleven, "What is your primary source of
transportation to and from work" indicated that 11 or 86% of the
business category use automobiles while the other 3 or 14% stated that
they walk to and from work. 16 or 72.7% of'the auto-user category
depend on their automobiles for travel to and from work. The question
was not .considered applicable for the other six or 27.3% in this category
which included five housewives and one retiree. Eight or 80% of
the residential category stated that they use their automobile for work
travel while the other two or 20%, which included a housewife and a
student, were considered not applicable for the question.
3. Analysis of the Survey
It is significant to note that the overwhelming majority of
those surveyed stated that they approved of the PRT system prior to
its initial development in Morgantown. It is also important to note
that even though thirteen of the seventy surveyed stated that they were
uncertain as to how they felt initially, only three said they disapproved
of the system when they first learned of its planned development in
Morgantown. Obviously, some of the Morgantown residents had great
expectations for the PRT system since the most frequent response given
for approval was that the PRT would solve Morgantown's transportation
problems. The second and third most frequent response, that is, "The
development of the PRT is a good idea for' the Morgantown community", and
"The PRT would provide a better transportation system for University
students", also expressed optimism for the effect of the PRT's developiricn
on the Morgantown community.
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When those surveyed were asked the second question, however,
"What is your current feeling about the PRT system?", it was obvious by
the responses that some of their expressed expectations had not been
met. Only twenty-two (31.5%) of the seventy surveyed expressed
current approval of the system while forty-five (64.1%) expressed
current disapproval of the system in the Morgantown community and three
(4.3%) were uncertain. Overwhelmingly, the cause for this apparent
disapproval of the current PRT can be contributed to the system's many
breakdowns and perceived unreliability. Because of the experimental
nature of the project and the effect of the fixed price contract, as
described in Chapter Two, the system has had numerous breakdowns since
the University assumed the ;ystem for testing in October, 1975.
The second most frequent response by those who currently disapprove
of the system was that "it cost too much of the taxpayers' money."
Although this response was given much less frequently than the one
above it is still significant to note that this did arise as a survey
issue.
Table 12 lists the responses that did not change from question one
to question two of those surveyed. It is interesting to note that only
sixteen of those who expressed initial approval of the PRT system also
approve of the system now. The three who disapproved of the system
initially still disapprove of the current system and two of those
who were uncertain initially maintain that they are still uncertain
of how they feel about the PRT now.
Table 13 shows the change in response from question one to question
two. 38 of those who approved of the system initially stated that they
now disapprove of the PRT. None of those who initially approved of the
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TABLE 12
NO CHANGE IN RESPONSE
A. Approval
Frequency of Response
Riders
Residents
Business Owner/Managers
Auto-Users
Total
8
2
2
4
% of Category % of Total
33.3
20.0
14.3
18.2
11.4
2.9
2.9
5.7
16 22.9
B. Disapproval
Frequency of Response
Riders
Residents
Business Owner/Managers
Auto-Users
Total
0
0
2
1
% of Category % of Total
0
0
14.3
4.5
0
0
2.9
1.4
3 4.3
C. Uncertain
Frequency of Response
Riders
Residents
Business Owner/Managers
Auto-Users
0
0
2
0
% of Category % of Total
0
0
14.3
0
0
0
2.9
0
Total
Category
Category
Category
2.9
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TABLE 13
CHANGE IN RESPONSE
A. Approval to Disapproval
Category Frequency of Response
Riders 10
Residents 8
Business Owner/Managers 6
Auto-Users 14
Total 38
B. Approval to Uncertain
% of Category % of Total
41.7
80.0
42.9
63.6
14.3
11.4
8.6
20.0
54.3
Frequency of Response
Riders 0
Residents 0
Business Owner/Managers 0
Auto-Users 0
C. Disapproval to Approval
% of Category % of Total
0
0
0
0
0
0
0
0
Frequency of Response
Riders
Residents
Business Owner/Managers
Auto-Users
0
0
0
0
% of Category % of Total
0
0
0
0
0
0
0
0
Category
Category
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D. Disapproval to Uncertain
Frequency of ResponseCategory
Riders
Residents
0
0
Business Owner/Managers 0
Auto-Users 0
E. Uncertain to Approval
% of Category
0
0
0
0
% of Total
0
0
0
0
Frequency of Response
Riders
Residents
Business Owner/Managers
Auto-Users
Total
3
0
2
2
% of Category % of Total
12.5
0
14.3
9.1
4.3
0
2.9
2.9
7 10.0%
F. Uncertain to Disapproval
Frequency of Response % of Category % of Total
Riders
Residents
Business Owner/Managers
Auto-Users
3
0
0
1
Total 4
Category
12.5
0
0
4.6
4.3
0
0
1.4
5.7
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PRT changed their opinion to uncertain about the current system. Like-
wise, none of those who initially disapproved of the system have changed
their opinions to approval or uncertain about the current PRT. Of the
thirteen who initially were uncertain about the system, seven now approve
of the system and four currently disapprove of the PRT in the Morgantown
community.
From the information related above, it is obvious that although
most people generally approved of the PRT system prior to its actual
development, they have become disenchanted with what the system has
offered, thus far, in terms of transportation services. Although one
might speculate that there are many reasons as to why the level of
public acceptability has decreased over time, those surveyed specified
that the primary reason for their dissatisfaction was the system's
unreliability. The fact that the Morgantown public expected a smoothly
operating system at this point in time implies one or both of the
following: That the public was not sufficiently educated about what
to specifically expect from the PRT; and/or that the public was not
kept adequately abreast of the reasons or causes for the many operating
problems encountered by the project since its intiial development.
Either or both of these conclusions has implications for any future
planning process which might be employed for initiating and maintaining
the public acceptability of any new or experimental transportation system.
These implications will be discussed further in Chapter four.
Briefly, the survey results also indicated the following information
concerning the attitudes and activities of the Morgantown public in
relationship to the PRT. Although 64.1% of those surveyed stated that
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they currently disapprove of the PRT system, the majority or 78.6% said
they would not prefer another transportation system to the PRT. This
statement was qualified, however, as mentioned earlier by suggestions for
the current system's improvement.
Half or 50% of those who were surveyed stated that they have never
used the PRT system. Of those who have used the system, students appear
to be the most frequent patrons as they use the PRT for travel to and
from classes. Several of those interviewed specified that they use
the system for pleasure trips, (i.e. going downtown for shopping, etc.).
Only one of those surveyed stated that the system was used for travel to
and from work. The above implies that the system is currently serving
some of the student population but, by no means all of them since the
current system does not serve all three campuses. It also implies that
the majority of the Morgantown public does not appear to directly benefit
from the current system.
The majority of those who ride the PRT thought that the fare was
reasonable with the exception of some of the students who expressed an
objection to paying an extra $25.00 fee in the upcoming school term.
The majority of those who actually ride the PRT indicated that they
do not have access to or operate an automobile while the majority of those
who do not- ride the PRT do apparently have access to and/or use their cars
for transportation
Finally, it is important to note that excluding the PRT Rider
category, the majority of those surveyed in the other categories stated
that the PRT had not affected their lives or activities in any significant
way. This response provides another indication that the PRT is not being
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used, at this point, by a large percentage of the Morgantown-public.
The implications -of the above inforzation for the planning of future
PRT systems will be further analyzed in Chapter four.
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D. Environment
One of the most important factors which must be taken into consi-
deration during the planning phase for any transit system is the
determination of its affect on the environment, Environment may
encompass many elements of a community and it is often viewed differ-
ently by the various users. Because of the many interpretations of
the term environment and for the purpose of clarification, it will be
limited here to the noise, air and aesthetic qualities of the Morgantown
Community as they relate specifically to the development and implemen-
tation of the PRT system.
As mentioned earlier, ttere is not much written information,
either published or unpublished, on the environmental influences of the
Morgantown PRT. Therefore, the information related in this section
will primarily be taken from the results of the thesis interviews and
the survey described in the previous section.
1. Air Quality and Noise Level
The only written information obtained on the environmental as-
pects of the Morgantown PRT were found in the Boeing PRT Data Report.
It stated that "The Morganto'wn PRT is an environmental asset from a
technical viewpoint. The PRT has an electrical propulsion system which
was selected because it is low-polluting, quiet and is adaptable to
automatic control." 23
It was concluded by some of those interviewed (primarily those
involved or previously involved with the development of the PRT) that
the noise and air pollution has been significantly reduced as a result
23
The Boeing Company, Boeing PRT Data, (surface transportation),
1973, p. 4.
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of the PRT's implementation. They stated that their conclusion is
based on the fact that eight of the seventeen University buses have
been removed from the streets as a result of the PRT. They also
noted that the air quality and noise levels have been improved because
the PRT has attracted a number of riders who would have otherwise
taken trips by using their automobiles, motorbikes, etc. From their
perspective, it is felt that the associated emission and noise levels
have been relieved by the implementation of the PRT in the Morgantown
Community.
In order to contrast the opinions of those interviewed with those
of the public, individuals who participated in the public acceptance
survey were also asked the following question; "What affect do you
think the PRT system has had on the Morgantown environment in terms of
the noise level, air and aesthetic qualities?" The noise level and air
quality related responses are summarized in Table 14.
A review of the table indicates that none of those surveyed felt
that the PRT system adversely affects the air quality or contributes to
Morgantown's air pollution problem. Fourteen or 20% stated that the
PRT favorably affects the air quality since by removing some of the
University buses and automobiles off of the streets, it has reduced
the air pollution in Morgantown. Forty or 57% stated that the PRT has
not affected the air quality in any way and sixteen or 23% were uncer-
tain as to the effect of the PRT on the environment. Similarly, none
of those surveyed felt that the PRT adversely affects the noise level
or contributes to the noise pollution problem in the city. Fifteen or
21% stated that the PRT positively affects the noise level by removing
some of the buses and automobiles off the streets. Thirty-nine or 56%
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Table 14
AIR QUALITY
Response
Adversely Affects the Air
Favorably Affects the Air
No Affect On the Air
Uncertain
Total
Frequency of Response
0
14
40
16
70
% of Total
0.0
20.0
57.0
23.0
100%
NOISE LEVEL
Response
Adversely Affects the Noise
Level
Favorably Affects the Noise
Level
No Affect On the Noise Level
Uncertain
Frequency of Response
0
15
39
16
Total 70
% of Total
0.0
21.0
56.0
23.0
100%
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stated that the PRT has not affected the noise level in any way and
sixteen or 23% were uncertain.
2. Analysis
Although it is difficult to assess the environmental in-
fluence (in terms of the noise and air quality) of the Morgantown
PRT without adequate supporting "hard data", it is obvious from the
above information that there is somewhat of a difference of opinion be-
tween those interviewed and those surveyed concerning the environmental
effect of the PRT on the Morgantown Community. If there is one conclu-
sion which can be agreed upon however, it is that there is a consensus
that the PRT has not adversely affected the noise level and air quality
of the Morgantown Community. This supports the initial conclusions of
the Environmental Impact Statement and the Requirements and Constraints
Document which stated that the implementation of the PRT system would
not adversely affect the environment.
There is some disagreement however, when it comes to whether the
PRT has improved the noise level and air quality in the city or has ac-
tually had no affect at all on the environment. Those interviewed over-
whelmingly felt that the PRT has improved these particular environmental
aspects of the community because of the number of buses, automobiles
and motorbikes which have been removed from the streets. More than 50%
of those surveyed specified that the PRT has had no affect on the noise
level and air quality, while only about 20% stated that the PRT has
improved the noise and air factors within the community. Since the
majority of those surveyed view the current PRT system as unreliable it
is not difficult to understand why so many of them would state that the
PRT has not improved the air quality or noise level. If the sy;ste7 is
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inoperable a great deal of the time, then those PRT riders who would
have otherwise used buses, automobiles and motorbikes for travel, would
have to revert to their former means of transportation. Thus, the
vehicles referred to by those interviewed would not be removed from the
streets as a result of the PRTo
It can be ascertained then, from the interviews and the survey that
while the PRT is functioning properly, the system might have a favorable
impact oh the environment. But, while the system is experiencing break-
downs, it has no significant influence on the noise level or air quality
of the Morgantown Community.
3. Aesthetics
As mentioned in the previous chapters, the aesthetics of the
PRT system in relationship to the Morgantown Community will be analyzed
as a result of the responses received from those individuals who were
questioned as part of the public acceptance survey. Aesthetics is a
very difficult environmental factor to measure objectively, but, those
surveyed were asked to convey their opinions about the PRT's aesthetic
qualities in terms of their community.
The results of the survey indicated that the public views the
aesthetics of the PRT in terms of three distinct categories. These
categories are as follows:
1) Blending of the guideway with the existing buildings.
2) Parking in the CBD.
3) Traffic congestion in the CBD.
Table 15 relates the results of the responses from the four
activity groups surveyed. These activity groups are; the PRT riders,
residents, local business manager/owners and the auto-users0 The
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responses have been combined into three categories; improved, worse
and same. A review of this table indicates that the majority of those
surveyed felt that the guideway structure had caused the city to look
less attractive or worse than before. Major reasons provided for this
response were; 1) The guideway makes the city look even older; 2) The
color and structure are unattractive (ugly); and 3) the guideway
structure is distracting. It was also evident by the responses, that
those surveyed felt that the parking situation had not been relieved as
a result of the construction and implementation of the PRT. They
stated that since no additional parking facilities had been built to
accommodate cars at the downtown PRT station and since the students
still used the CBD for parking their cars that there had been no change
aesthetically in terms of getting the cars off of the sides of the
street and out-of-sight. Finally, the majority of those interviewed
stated that the traffic congestion in the CBD had remained the same
since the PRT's development. The basic reason for this response as ex-
pressed by those interviewed was that there are just too many automo-
biles currently using the city streets and not enough people using the
PRT for it to make a difference in terms of the traffic congestion
situation.
4. Analysis
Although the Environmental Impact Statement indicated that the
guideway structure would blend in with Morgantown's surrounding buildings
and environment, it is apparent that those surveyed have not arrived at
this same conclusion. The responses indicate that the majority of those
surveyed felt that because the structure is so modern it tends to make
the city building structures appear even older. Others disliked the dark,
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dull color and felt that the overhead structure was a visual distrac-
tion.
It is obvious from the responses that the Morgantown public still
views traffic congestion and parking as a visual distraction. It can
also be concluded however, that the PRT has not made this situation or
problem any worse by its' existence.
Table 15
AESTHETICS RESPONSES
Categories
Activity
Groups
In licators
Guideway Blend
Improved Worse Same
Parking
Improved Worse Same
Traffic Congestion
Improved Worse Same
(12) (5)
50% 21%
Residents (1)
10%
Local Business
Manager/Owners
Auto Users
(1)
7%
(3)
14%
(6) (3)
60% 30%
(11) (2)
79% 14%
(0)
0%
(0)
0%
(4)
40%
(3)
21%
(6)
60%
(11)
79%
(15) (4) (1) (4) (17)
68% 18% 5% 18% 77%
(1)
10%
(0)
0%
(2) (7)
20% 70%
(4)
29%
(10)
71%
(2) (5) (15)
9% 23% 68%
PR
Ri'. ers
(7)
29%
(3)
13%
(5)
21%
(16)
67%
(6)
25%
(3)
13%
(15)
62%
0
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E. Cost-Effectiveness
Cost-effectiveness is a term that is often used by decision-makers
and planners in an evaluative process as an indicator of the return
realized from a given investment. Often, this return is construed in
terms of a cost analysis but, for our purposes the return will not be
quantified to this extent. Cost-effectiveness is a useful means by
which funding decisions are made about a potential investment. It is
especially useful in any good evaluation that involves the planning
of capital intensive facilities. In order to assess the cost-effectiveness
of the different transit technologies, the variable to be used here will
be the operating costs. Capital cost will not be examined because the
scale economies associated with large systems such as Boston's MBTA,
which I will analyze here, makes a poor comparison. The basic para-
meters used to assess the operating cost are; 1) cost per revenue vehicle
mile and 2) cost per revenue passenger boarding.
Due to the time constraints, this section is not intended to be an
extensive assessment. Rather, it is the attempt of this section to show
a comparison for illustrative purposes. The operating costs per boarding
and vehicle mile will be compared to that of a bus, streetcar and trolley
system. These systems are currently operating in the Boston area. They
are operated by the Massachusetts Bay Transit Authority (MBTA).
It is important to mention the sources from which the cost and rider-
ship data are taken in order that the reader understands the constraints of
this research. The ridership data for the Morgantown PRT is taken from a
Weekly Conveyance Dependability Measurements Report that is prepared and
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maintained by the Boeing Company West Virginia University.24 This report
provides a cumulative status of the Morgantown PRT and covers the opera-
ting period between October 3, 1975 and March 18, 1976. The cost informa-
tion is an estimated figure based on a conversation with Dr. Samy Elias.25
The reason that an estimated cost figure will be used is that up to this
point no accounting report has been prepared on the exact operating cost
for the PRT testing period.
The bus, streetcar and trolley cost and ridership data is taken from
26the "MBTA Annual Accounting Sheets for 1974". The streetcar and trolley
data is broken out of total bus, streetcar and trolley, using 1967 demand
data for separating streetcar from trolley.
Table 17 shows the cost ard ridership data for the MBTA bus, streetcar/
trolley and the Morgantown PRT. At first glance, the Morgantown system
appears to be favorable and is not far out of line with the other transit
technologies, based upon the Boston MBTA datao The Morgantown level of
cost/vehicle mile appears to be explainable when one takes into considera-
tion the size and technology of the vehicle.
Morgantown's cost/revenue boarding, however, is relatively high when
compared to that of the bus and streetcar/trolley. Based upon this, it
would appear that these transit technologies are more reasonable options
for the Morgantown community. The data suggests that bus and streetcar/
trolley systems would require a smaller operating subsidy as compared to
24
Weekly Conveyance Dependability Measurements: Morgantown Personal Rapid
Transit System, March 18, 1976
25
Interview: Dr. Samy E.C. Elias, March 28, 1976
26
"MBTA Annual Accou'iting Sheets for 1974"
Table 17
OPERATING COSTS & RIDERSHIP DATA
106 106 106 Dollars Dollars Dollars
Modes Rev. Miles Boarding Op. Cost Cost-Veh-Mi Cost/Rev. Boarding
META Eus 23.7
MATA Streetcar/
2rolley
6.0
103.0
29.0
61.0
36.0
2.58
5.95
.59
1.24
I--
.4 .6 2.88Mo"rgantown PRT .2 1.34
Table 18
(Abstract from)
WEEKLY CONVEYANCE DEPENDABILITY MEASUREMENTS
for the
MORGANTOWN PERSONAL RAPID TRANSIT SYSTEM
Cumulative
Vehicle Data Fleet Mileage 190,864
Passenger *Single Fares X 27,297
Data
*Multiple Fares Y 383,282
Total Number
of Passengers X+Y 410,579
(October 3, 1975 thru March 18, 1976)
*Single Fare = paid fare
Multiple Fare = Students
I-.i
I~~1
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the PRT, given standard financing conditions0  At the present, the
Morgantown system is fully subsidized by the federal government. But, the
cost/revenue boarding comparison is not conclusive for two reasons: 1) the
student proportion of ridership exceeds 90 percent (see Table 18) and
2) the students are not charged a fare for using the PRT. This suggests
that the Morgantown PRT has a guaranteed demand-consisting of captive
riders without a perceived fare. If demand is elastic in that case, it is
conceivable.that demand can decline significantly if an unfavorable (to the
students), fare policy is enforced. On the other hand, the demand may re-
main the same.
In conclusion, the Morgantown system has not been hampered by a high
fare and the percentage of subsidy makes the comparison inconclusive. The
fact that the Morgantown PRT captive riders are not charged a fare means
that the demand may be artificially high, which in turn, suggests that the
cost/revenue boarding figures above may be therefore artificially low,
making the Morgantown PRT appear to be quite expensive when compared to
Boston's MBTA.
The purpose of this discussion has been to radiate the orders of magni-
tude of the PRT cost-effectiveness and to emphasize the importance of the
uniqueness of the Morgantown experience. It is important to mention that
there are numerous uncertainties that may enter into this assessment (e.g.
geographic differences in economy, scale economies, etc.) but, due to time
constraints and limited available data, the thesis does not attempt to
address all of these issues.
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CHAPT,'R IV
THE IMPACT ON FUTURE PRT SYSTENS
A. Introduction
Obviously, any experimental project will have certain advantages
and disadvantages in terms of its applicability to other systems. A
major issue for planners and decision-makers is the development of
strategies to achieve the optimal use of the apparent advantages while
avoiding the replication of the disadvantages for future projects.
The Morgantown PRT is undoubtedly no exception when it comes to having
both negative and positive features. It is a model however, which
can be used, in terms of its developmental process and ultimate re-
sults, as a basis for the planning of future transportation systems,
This chapter will attempt to project the impact which the Morgantown
PRT may have on future systems. Since the PRT system is not complete
at this point it would be improbable to analyze already achieved
impact. Thus, anticipated impact will be discussed here as it is per-
ceived by the author as a result of the information related in the
previous chapters. The author assumes that future PRT systems will be
developed in this country as a result of the Morgantown funding break-
through and since other PRT systems are now being planned for different
Urban areas.
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B. Technology
1. Technical Knowledge
As a result of the literature research and the thesis inter-
views, it can be concluded that the research and development effort
at Morgantown has provided extensive knowledge about PRT technology.
Those interviewed stated that the technical accomplishments achieved
by the project will serve as a basis for the planning and develop-
ment and of future PRT systems. Technical accomplishments which
were discussed in Chapter III and referred to by those interviewed
are as follows: 1) The achievement of the fifteen second headway
which provides a tremendous reduction in the spacing of vehicles;
2) The ability of the systean to operate in one of two travel modes
(i.e. the demand-responsive and the scheduled mode); 3) The achieve-
ment of the unique Control and Communications System which includes
an on-board system for controlling speed, the Collision Avoidance
System and the switching system for moving vehicles from one rail to
another.
Of the above technical accomplishments, Tom Comparato, of the
Transportation Systems Center (in Cambridge, Mass.), believes that the
demand-responsive feature of the Morgantown PRT has definite applica-
bility for other urban areas on the basis of the methodology used to
develop the Morgantown system. Frank Musil of the Boeing Company
stated that he felt the Morgantown project has addressed most of the
major issues pertaining to a PRT system. He stated that the control,
switching speed, jerk and safety features of the PRT vehicle have been
technically realized through the Morgantown demonstration project.
In addition to the technical accomplishments of the system, the
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Morgantown PRT's planning and development process will have implica-
tions for future PRT systems. Specifically, the numerous problems
encountered by the project in terms of cost estimates, scheduling and
the results of the fixed-price contract will have definite applicabi-
lity for other systems in terms of assisting them in avoiding the
same pitfalls as experienced by Morgantown. Since these problems as
experienced by the project were elaborated on in Chapter III, they
will not'be described again here.
Samy Elias and James Ashburn (City Manager of Morgantown) believe
that the current Morgantown project has demonstrated that the PRT has
the potential for meeting the transportation needs of the Morgantown
community once the project is completed. They are convinced that the
Morgantown public will use the PRT's driverless vehicles and that the
command and control systems can move the vehicles and passengers in a
safe and orderly fashion. In addition, they stated that the Morgantowin
project has shown that a PRT system can physically be developed in a
relatively small community that has an unfavorable topography.
In summary, as related by the information above, the Morgantown
PRT system has provided a technical "blueprint" from which other PRT
systems may be developed and/or improved upon. Both the positive and
negative experiences of the project offer a wealth of information to
the planners of any future Personal Rapid Transit system.
2. Management
Proper scheduling is a crucial factor in determining the success
of any major development proqram but, especially when the ex-pected -
work product requ7Jircs thle integratiou 01 existing technoloyi Into a
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different conceptual system. It appears that the participants in the
planning and development of the Morgantown PRT underestimated the
importance of the technical complexity of the PRT system. Thus, the
initial development stages of the PRT were built around a political
time table rather than one which would allow adequate time to accomplish
the objectives of the actual workplan. As a result of the political
intervention causing untimely scheduling of project activities on the
part of management, an inferior system was developed which suggested
contradiction to the system perceived and described in the original
workplan. Ultimately this scheduling problem caused re-fabrication
of certain parts of the system as well as additional federal spending
on the project.
Based on the structure of the political system in this country,
it is conceivable that polit-icians will always seek an opportunity to
get involved in projects that have the potential for influencing the
establishment of a sound political base. This implies that future
PRT systems may attract the same type of political involvement as
Morgantown if they are deemed politically attractive. Thus, planners of
future PRT systems must develop strategies for dealing successfully
with political interference as well as developing and implementing
successful project plans.
Dr. Samy Elias stated in an interview, that as a result of the
Morgantown experience, Congressional Committees will not be as lenient
in the future in terms of providing continued funding to innovative
transportation projects that get substantially behind in their
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implementation schedules. Planners will be forced to develop specific
workplans with realistic implementation schedules in order to maintain
a consistently good relationship with those who appropriate funds.
In addition to scheduling, it appears that the results of the
Morgantown experience may influence the future contractual relationships
between the federal government and various private contractors.
Contract negotiation is a key management function which was not appro-
priately addressed by the management of the PRT in Morgantown. Because
of the way that the fixed-price contract was written, numerous problems
arose for the project causing breakdowns in the system as well as
additional federal spending.
Thus, hopefully as a result of this experience, future PRT systems
will not encounter this problem. Through the development of better
contract procedures, production should proceed smoothly without the
loss of schedule time or project funds. The resulting benefits would
be shared by the federal government, the contractor and ultimately,
the users of the planned system.
In conclusion, as a result of the many management problems
encountered by the Morgantown system, it is projected that the decision-
makers and planners of other PRT systems will be expected to design
programs in greater detail and allow adequate time for planning,
construction, testing and checkout. In addition, contingency plans
may have to be designed for such unforeseen circumstances as inclement
weather, labor strikes and delayed parts and components. Hopefully,
the Morgantown experience will influence the type of contracts which
are negotiated by the federal government (or any oth e major funding
source) and private contractors in order that a certain amount of
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monitoring and quality control can be maintained throughout the
development of other PRT systems.
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C. Public Acceptance
It is difficult to assess the ultimate impact of the Morgantown
PRT System on other Systems in terms of public acceptance for two reasons;
1) The project is not yet completed and thus, the attitude of the public
may change after the system is fully implemented and 2) The only
information available on the current attitude of the Morgantown public
is the results of the survey taken as part of this thesis research.
These factors are important because it was obvious from the information
related in the previous chapters that those interviewed (i.e., those
involved in the planning and development of the Morgantown project)
were not aware of any public dissatisfaction with the system nor had any
process been established for finding out what the public's on-going
attitude was about the PRT's implementation in the community. Therefore,
this section will attempt to project the impact of the Morgantown PRT
on other systems, in terms of the public acceptability methodology utilized
by the project up to this point. This process or method will be analyzed
in terms of its preferred adaptability or non adaptability to other
PRT systems.
It was obvious from a review of the literature and discussions with
those interviewed for the thesis that when the PRT was initially
considered for the Morgantown community, no detailed specifications
were designed to illustrate the complexity of such a project.
Likewise, no realistic implementation schedules were established by
those responsible for the planning and development of the PRT
System.
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As a result of these factors, the Morgantown public was not
sufficiently educated in terms of what to expect from the PRT system in
their community. At the public hearing when two objections were raised
by the residents, the public was assured that the PRT would solve
Morgantown's transportation problems or at least make the situation
better than it was then. Thus, as a result of these promises, the
public expected more from the PRT in terms of services than it has been
able to deliver, at least up to this point.
Another important issue is that even after the PRT planners had
some idea of the complexity of the system, 'it 'is apparent that no contin-
uous process was established for informing the public and/or getting
input from them in the decision making process. It is because of this,
that the Morgantown public has continued to expect more from the PRT
and has become very dissatisfied because it has not produced.
It is important that the planners and decision makers of future
PRT systems or any innovative transportation system for that matter
not only make sure that the public is educated about the planned system
so that they can make an intelligent choice about whether or not they want
or need such a system in their community, but, also that a process is
established for maintaining a certain level of public communication and
participation during the project's development and implementation
stages.
The results of the survey as related in Chapter III indicate
that although the Morgantown public was initially optimistic about
the PRT sistem, they have become very disenchanted maiinly because
of the system's apparent unreliability. This implies that in order
to maintain initial and continued public-acceptance, planners of
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other PRT systems will or should make a special effort to educate and
communicate with the public. They must inform the public on a routine
basis in order that they are aware of the day to day problems and accom-
plishments of the project. In addition, planners and/or decision makers
should be prepared to articulate the reasons for system failures in order
that the public understands initially that there is a possibility that
this may-happen and continuously, so that as these situations occur
the public will have expected them and respond with sympathy rather
than disenchantment. Planners of other systems should also develop
strategies for continued participation by the public in terms of making
suggestions for improvement of the system, complaints, etc. Many of
those surveyed offered suggestions for the current project's improvement
but, no forum has been established for communication with decision-
makers. I am not implying that all of the suggestions made by those
surveyed appeared feasible or realistic but, some mechanism should
have been established for communication in order that their opinions
could be heard.
In conclusion, it is obvious from the survey results that the
Morgantown public was not initially and continually well informed about
the status of the PRT system in their community. Developers of
future systems should take note of the Morgantown experience in designing
their own strategies for soliciting and maintaining public acceptability
of any proposed transportation system.
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D. Environment
As related in Chapter ITI, those interviewed and those surveyed
reached a general consensus that the implementation of the PRT has
not adversely affected the noise level or air quality of the Morgantown
community. This can be interpreted as one of the positive aspects
of the Morgantown PRT System. Although it was initially hoped that
the PRT would favorably affect the noise level and air quality of
Morgantown by removing some of the buses, automobiles, etc. off of the
streets, it is difficult to assess the extent to which this objective
has been accomplished since the project is not completed at this point.
Most of those surveyed however, related that they had not noticed any
PRT influence, either positive or negative, on Morgantown's noise level
and/or air quality. This information may suggest that although the
project does not now significantly influence the environment, once the
PRT is fully operational it will relieve some of the traffic congestion
within and near the Morgantown CBD. This may imply that future PRT
systems will utilize similar techniques such as the electric propulsion
system which is low-polluting, quiet and adaptable to automatic control.
In terms of aesthetics, it was obvious from the survey that the public
had somewhat of a different reaction than expressed above. Although the
majority of those surveyed indicated that the PRT has had no significant
effect on the parking and traffic congestion situation within the city,
forty-four or 62.9% felt that the guideway structure made the appearance
of the Morgantown community look worse. As related earlier, those who
stated that they disapprove of the structure felt that because the
guideway structure is so modern, it tends to make the city buildings look
even older. Others expressed a dislike for the dark, dull color and/or
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felt that the elevated structure was a visual distraction. It is difficult
to assess any real impact which these public opinions might have on the
development of future PRT systems. One might speculate however, that as a
result of these opinions and in the interest of good public relations,
it might behoove future planners to establish strategies for obtaining
public input into the decision making process when deciding on the type
of system to be implemented in a certain community.
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E. Cost Effectiveness
At this point in the Morgantown PRT's development, it is difficult
to assess the impact on future systems in terms of the project's
cost-effectiveness. Although it was the intent of the author to
examine this indicator in terms of the PRT systems, there was not enough
information available to draw conclusions about the current cost effect-
iveness of the Morgantown project and thus, project with any degree of
validity, the ultimate impact on future PRT systems.
Based on the information in Chapter III, the cost-effectiveness data
on the Morgantown PRT is inconclusive for three reasons: 1) The cost
information obtained from Er. Elias is an estimated figure from which
the operating cost per vehicle mile and revenue boarding information were
determined. (These parameters do not represent the true cost levels of
the Morgantown System, but, was the only information available on the
project); 2) The ridership data shows that over 90 percent of the
passengers are students of West Virginia University and are not charged
a fare to use the PRTO (This information suggests that the Morgantown
system has a guaranteed demand consisting of captive riders without a
perceived fare);and 3) The Morgantown System is currently 100% subsidized
by the federal government. For these reasons, the cost-effectiveness
data cannot be legitimately utilized to project the impact of the
Morgantown PRT on future PRT systems.
As an aside, the estimated cost given by Dr. Elias was useful in
terms of attempting to compare the Morgantown System to existing
technologies. The comparison showed that the Morgantown level of
cost/vehicle mile appears to be competitive with that of the Boston's
113TA bus, streetcar/trolley systems. The comparison also showed that
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if the demand is elastic, it is conceivable that it could decline signifi-
cantly if an unfavorable (to the students) fare policy is enforced by
the University.
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CHAPTER V
CONCLUSIONS
A. Introduction
The preceding chapters have attempted, on an exploratory scale, to
examine the extent to which the Morgantown Personal Rapid Transit System
has been implemented and to assess the anticipated impact of the project
in future PRT developments.
In 1967, Morgantown was plagued by such problems as overwhelming
university growth, unsatisfactory bus service, limited travel corridors
to the CBD, inadequate parking facilities, automobile congestion and
overall population growth. It became apparent to city and West Virginia
University officials that given the traffic and travel characteristic of
Morgantown, the existing transportation system (e.g. buses, automobiles,
etc.) was not adequately addressing the mobility needs of the public,
either an additional highway would have to be built or some other transit
system developed with the intent of moving people faster and more efficient-
ly.
It was concluded that the building of a highway in a small community
such as Morgantown, especially with its difficult terrain, would require
the destruction of approximately 50% of the town. This narrowed the
choice to the building of a transit system either above or below surface
ground. A below ground operation, however, was eliminated because it was
believed to be too expensive. That was a consensus among the planners
and decision-makers that any new transit system designed for Morgantown
would have to be on an elevated structure.
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After a feasibility study was approved in 1967 by the U.S. Depart-
ment of Transportation and completed in 1970, it was concluded that a
fixed guideway structure with a fully automated operation and control
system would be best suited to serve the West Virginia University in the
City of Morgantown, Once the feasibility study was completed, the
University submitted a capital grant application to UMTA to design and
construct a personal rapid transit system in the Morgantown community.
The grant application was approved in late 1970 and thus, began the ini-
tial planning and development of the Morgantown PRT.
The project has just completed Phase 1 of its development and Phase
2 is scheduled to begin in late 1976. Although the project has experien-
ced numerous problems and delays during the first phase, it has also
managed many technical accomplishments.
This chapter will re-emphasize the information discussed in the pre-
vious chapters as it relates to the problems and accomplishments of the
Morgantown Project. In addition, the chapter will briefly relate the
anticipated impact of the Morgantown PRT on other PRT systems and provide
suggestions to planners of other PRT systems in terms of avoiding the
pitfalls of the Morgantown experience as well as utilizing and building
on the many accomplishments of this unique demonstration project.
B. Technology & Management
1) Technical Accomplishment
The Morgantown demonstration project has proven that a PRT system
is technically feasible for an urban area. This accomplishment has been
attained by the integration of "off-the-shelf" hardware needed to pro-
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vide the demand-response characteristic of the Morgantown system. Through
the use of testing, the research and development effort has concluded
that the Morgantown system is able to meet the current passenger demand
in Morgantown. From this standpoint, the Morgantown PRT has provided a
basis from which future PRT systems can be developed but, the major quest
for Morgantown is whether or not such a system is operationally feasible.
The reason why this particular task presents a major challenge for the
Morgantown system is because of reliability and economic issues. Reli-
ability and economics pose a challenge for the Morgantown system (and
future PRT systems) because of the of the large number of cars that would
be required to meet passengar demand in a major urban area. These issues
are expected to be determined in Phase 2 of the demonstration project.
In addition to proving the technical feasiblity of a PRT system,
the Morgantown project has experienced other accomplishments. The
first of which is the attainment of 15 second headway between the
vehicles, a capability that is not evident in conventional transit sys-
tems such as bus or rapid rail systems. This accomplishment has im-
plications for future systems in terms of meeting the required passen-
ger throughput for other urban areas. The technology used to achieve
the 15 second headway in the Morgantown system also has implications for
better (shorter) headways to be achieved by future systems.
A second major accomplishment developed at Morgantown and perhaps
the most unique, is the system's capability of operating in either a
demand-responsive mode or a scheduled mode. It is believed that the
demand-responsive feature of the Morgantown PRT has definite applica-
tion for other urban areas on the basis of the methodology used to
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develop the Morgantown system. The results of the thesis research in-
dicated that conventional transit systems do not maintain both of these
functions in the same system.
A third accomplishment of the Morgantown project has been the deve-
lipment of a very sophisticated Control and Communication Systems which
include the collision avoidance system, on-board system for controlling
vehicles speed and the switching system. According to federal officials,
the proven design of the Control and Communication Systems is available
for applications to other systems in different cities and has transferr-
ability to more advanced control features for higher performance systems.
As a result of the above accomplishments, it can be concluded that
the research and development effort at Morgantown has provided a frame-
work for the planning and development of future PRT systems. In addi-
tion, it is believed that improved PRT systems can be designed from the
technical success at Morgantown such as better headwasy for major urban
areas.
2) Technical Problems
One of the major problems experienced during the development of the
Morgantown system has been in Phase 1-A history of underestimated cost.
It is concluded that of the primary reasons why the project's costs were
significantly underestimated is because of a lack of definite engineer-
ing information. The first system configuration (Phase 1-A) was based
on a feasibility study and the second system configuration was based on
preliminary engineering information. As a result, each cost estimate
relating to their respective system design proved to be lower than the
actual cost.
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Planners/managers of future PRT systems will be forced to develop
better cost estimating techniques in order to avoid the public emrarrass-
ment that some of the decision-makers in the Morgantown system experienc-
ed. As a result of the underestimated costs at Morgantown, congressional
committees will monitor very closely the process that is used to estimate
the cost of test projects similar to Morgantown in the future.
Scheduling is another major problem experienced at Morgantown. As
related in the previous chapters, the Morgantown system was developed
around a political timetable that satisfied political interest rather
than one that suited the actual needs of the R&D program. As a result,
many problems were encountered during the initial phase's development
and implementation period. Some of the problems included: inadequate
testing problems, labor strikes, delay in schedule, poor cost estimates,
non-operational systems,and others. Future PRT systems test programs
similar to Morgantown should be better defined. The test program should
have a clearly understood set of criteria and requirements making sure
that everyone (subcontractors) understands what is to be required. If
there is one key conclusion that can be drawn from the Morgantown ex-
perience and the effect that it may have on future systems is that Con-
gressional Appropriations Committees will maintain a sharp watch for
delays in the work plan.
The final fixed-price contract that was initiated in Morgantown's
Phase 1-B appeared to have created more disadvantages for the Morgantown
system than there were advantages. While the contract may have curtailed
excess federal spending it certainly did not help the quality of the
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Morgantown PRT. The numerous problems that the Morgantown PRT system has
been experiencing as a result of the low quality material that was used
to construct the system has far range implications for future PRT systems.
In addition to the quality aspect of the Morgantown system, the fixed-
price contract has proved that the best interest of the federal govern-
ment and/or the University were not being well-represented. Better con-
tractural relationships between the federal government and the contractor
will have to be established in order that the quality of future PRT sys-
tems is not hampered by contractural disputes.
In conclusion, as a result of the many management problems encounter-
ed by the Morgantown system, it is believed decision-makers and planners
of other PRT systems will be expected to design programs in greater de-
tail, allow adequate time for planning, construction, testing and check-
out. In addition, continguency plans may have to be designed for numerous
uncertainties such as unfavorable weather conditions, labor disputes, and
delayed parts and components. As a result of the Morgantown experience,
better contracts will have to be drawn-up between the federal government
and private contractors in order that a certain amount of monitoring and
quality control can be maintained throughout the development of other
PRT systems.
C. Public Acceptance
From the information related in previous chapters, it is obvious
that although most people in Morgantown generally approved of the PRT
system prior to its actual development, they have become disenchanted
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with what the system has offered, thus far, in terms of transportation
services. The speculative reason for this is the breakdown in communi-
cation between the PRT planners, decision-makers and the public. It
appears that if the public had been adequately informed about the uncer-
tanties (i.e. time required to build the system correctly, cost, the
possibility of technical problems, etc.) of the PRT technology, their
initial expectations might not have been so high.
Of course this is not to imply that everyone in the Morgantown com-
munity disapproves of the PRT system but, more adequately those in the
survey accepted the system for greater initially than they do now.
There is always the possibility that the attitude of the public may
change to a more favorable one after Morgantown PRT system expands to
serve additional areas in the community and/or the operating the Morgan-
town public expected a smoothly operating system at this point implies
one or both of the following: That the public was not sufficiently edu-
cated about what to specifically expect from the PRT: and/or that the
public was not kept adequately abreast of the reasons or courses for
the many operating problems encountered by the project since its initial
development. Unless an effective communication system is developed for
providing greater feedback on the status of the PRT, the low acceptability
level will probably prevail. This could have a significant effect on the
system's ability to obtain operating revenue upon the completion of Phase 2.
It is difficult to assess the ultimate impact of the Morgantown PRT
system on other systems in terms of public acceptance because of two
reasons: 1) Since the project is not yet completed, the attitude of the
public could very well change after the system is fully implemented and
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2) the only information available on the current attitude of the Morgan-
twon public is the results of the survey taken as part of the this thesis
research.
It is important that planners and decision-makers of future PRT
systems or any innovative transportation system for that matter, not
only make sure that the public is educated about the planned system so
that they can make an intelligent choice about whether or not they want
or need such a'system in their community, but, also that a process is
established for maintaining a certain level of public communication and
participation duri ng the project's development and implementation stages.
The public must be informed on a routine basis in order that they are
aware of the problems and accomplishments of the project. In addition,
planners and/or decision-makers should be prepared to articulate the
reasons for system failures in order that the public understands initial-
ly that there is a possibility that uncertainties may develop and contin-
uously, so that as these situations occur the public will have expected
them and respond with understanding rather than disenchantment.
One of the best methods of getting the public involved in a major
development project is to solicit their ideas during the initial and
continued stages of the project's development. If this type of partici-
patory process is considered there is a greater possibility that the
public will feel that they have had a certain amount of input into the
decision-making process and that their thoughts and ideas may have not
been isolated from the planning aspects of the project. Many of those
surveyed offered suggestions for the current project's improvements but,
no forum has been established for communication with decision-makers in
Morgantown.
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Another option that planners/decision-makers of future PRT systems
might consider in order to maintain a certain level of acceptability is
to use a limited number of passenger-riders (i.e. approximately 10-20)
during the system's testing stages. An evaluation of the system's per-
formance cna be drawn around the comments and opinions of these few
riders as opposed to the diversity that is normally assoicated with a
larger mass. Boeing used this method during Phase 1-B to test the inter-
nal noise level of the PRT vehicle and significant resulrs were accompli-
shed in an effort to satisgy the specification of the system's noise re-
quirements. Much can be gained working with a reduced number of riders
as opposed to testing a corplex system using a large group of people.
D. Environment
Although there was somewhat of a difference of opinion between those
interviewed and those surveyed concerning the environmental effect (air
and noise) of the PRT on the Morgantown community, it is concluded that
there is a consensus that the PRT has not adversely affected the noise
level and air quality of the community. Those interviewed feel that the
system has had a substantial (favorable) impact on the environment because
of the buses, cars, trucks, motorbikes, etc. that are removed from the
local streets. However, more than 50% of those surveyed viewed the PRT
system as unreliable which require the continued use of the buses, cars,
trucks, motorbikes, etc. Thus, the vehicles referred to by those inter-
viewed would not be removed from the streets as a result of the PRT.
From these varied perceptions, it can be ascertained that while the
PRT system is functioning properly, the system might have a favorable
impact on the environment. But, while the system is experiencing break-
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downs, it has no significant influence on the noise levle or air quality
of the Morgantown Community. This information may suggest that although
the project does not now significantly influence the environment, once
the PRT system is fully operational it may relieve some of the traffic
congestion within and near the Morgantown CBD. This may imply that
future PRT systems will utilize similar techniques such as the electric
propulsion system which is low-polluting, quiet, and adaptable to auto-
matic control.
In terms of aesthetics, it is concluded from the survey that the
Morgantown public had somewhat of a different reaction from the air and
noise situation as a result of the PRT system. More than 65% of those
surveyed indicated that while the parking and traffic congestion situa-
tion within the city has not changed since the installation of the PRT
system, approximately 62% indicated that the present guideway structure
has made the appearance of the community look worse. As related in the
previous chapters, those who stated that they disapprove of the structure
felt because the guideway structure is so modern, it tends to make the
city buildings look even older. Others disapproved of the dark, dull
color and/or felt that the elevated structure was a visual distration.
Although it is extremely difficult to assess any real impact which
these public opinions might have on the development of future PRT sys-
tems, planners should consider at least essential features of an ele-
vated structure within an urban ares:
1) the location of such a structure especially where it's
design will be publicly scrutinized in comparison with
existing buildings (i.e. downtown areas, major shopping
centers and residential areas).
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2-) the color of an elevated structure is also important
when placed in a central locality. It might behoove
future planners to establish strategies for obtaining
public input into the decision-making process when
selecting the colot of an elevated guideway structure,
and
3) the width of the guideway should be kept to a minimum
where possible because in the survey it was noted that
most of those surveyed felt that the Morgantown guide-
way would not be as obvious if it were not as wide.
It was also observed that the guideway used at
Morgantown appeared to be wider than required to operate
the vehicles safely as well as sufficient space for
emergency purposes (i.e. mechanical breakdown, passenger
evacuation, etc.).
E. Cost-Effectiveness
Based on the information related in Chapter III on cost-effectiveness,
it would appear that the PRT is competitive with the bus and streetcar/
trolley technologies operated in the Boston area in terms of the cost
per vehicle mile. It also appears that the Morgantown project is rela-
tively expensive when compared to these same systems in terms of cost/
revenue boarding. But this information, as related in Chapter IV is
deceptive for three reasons: 1) the cost information is an estimated
figure because no other data was available; 2) over 90% of the PRT riders
are students who are not charged a fare to use the PRT and; 3) the
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Morgantown project is currently fully subsidized by the federal govern-
ment.
The research information gathered for the thesis indicates that it is
too early in the implementation stages of the PRT to get accurate data
which would provide a basis for determining the cost-effectiveness of the
PRT system. Thus due to insufficient data at this time in the PRT develop-
ment, the thesis cannot project the impact of the Morgantown PRT on future
systems in terms of cost-effectiveness.
In conclusion, this study has provided the author an interesting op-
portunity to research and analyze a unique transportation experience.
Although it is obvious from the information presented in the previous
chapters that the Morgantown PRT does not offer the ultimate answer for
all of the transportation problems in this country, it does offer one
alternative to those communities which might benefit from its application.
Hopefully, for those who select Personal Rapid Transit concept as the
solution to their particular transportation problem, the Morgantown ex-
perience will serve as a basis for the development of a better technology
within their communities.
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MORGANTOWN PRT SYSTEM SPECIFICATIONS
System
Peak capacity
Headway
Vehicles
Stations
Guideway Network
Operational modes
Fare
Individual token
5,040 passengers/lane/hour
15 seconds
45
3
27,776 linear feet (approx. 9.4
miles of single
lane)
scheduled (peak hours)-
demand (off hours)
25 cents/ride
Vehicle Characteristics
Physical:
Length
Height
Width
Weight
Wheel Base
Tread Width
Accommodations
Performance:
15 ft. 6 in.
8 ft. 9 in.
6 ft. 8 in.
8,578 lbs. empty
127 in.
62 in.
21 passengers (8 seated; 13 stand)
Control
Propulsion
Velocity
Suspension
Tires
Steering
Brakes
Automatic-Remote
70 HP Electric Motor
30 mph (maximum)
Air Suspension-Automatic Leveling
Dual Chamber
Side Sensing
4 wheel disc type, redundant ac-
tuation system
30 foot radiusTurning
Guideways
elevated and at grade
ethylene glycol-water solution
circulating in pipes in guideway
base
10 percent
Type
Hea tin]
Maximum grade
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Controls
Computers
Accident prevention
PDP-11
fail-safe w/independent
collision avoidance system
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Interviewees
Tom Comparato
Neil Patt
Vivian Hobbs
John Barber
Nicholas Schaeffer
Mary Stearns
Samy Elias
Ted Barker
James Harlow
Frank Musil
James Ashburn
Ronald Davison
Transportation Systems Center,
U.S. Department of Transportation
Transportation Systems Center
U.S. Department of Transportation
Transportation Systems Center
U.S. Department of Transportation
Transportation Systems Center,
U.S. Department of Transportation
Transportation Systems Center,
U.S. Department of Transportation
Transportation Systems Center,
U.S. Department of Transportation
West Virginia University
West Virginia University
West Virginia University
Boeing Aerospace Company
Morgantown City Manager
Morgantown Planning Commission
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